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III 

 

Summary 

 

The company Norden Machinery AB has a machine named NP1702. This 

machine has an insufficient solution concerning ergonomics for the operator who 

controls the machine. The report includes a concept to an improvement for this.  

 

The operator is currently bound to complete a stretching and bending movement 

which when repeated lies over the human bodies comfort zone and are harmful 

to several of his/her body parts, when refilling the receptacle in the machine with 

stacks of leaflets. These leaflets are wrapped along with a tube (containing 

toothpaste, hair gel etc.) into a carton. The report is mainly built on the eight 

steps for getting design right. When developing the concept, a big aspect 

regarding ergonomics is included in the report. For this reason, a big theory 

concerning ergonomics is included. Along with this, a dialogue with a company 

which has operated the machine was performed. 

 

The operators’ health will be improved, because it avoids the stretching 

movement, every time he/she refills the receptacle with leaflets and will decrease 

the risk for malfunctioning.  

With the concept which has been developed, the operator positions a stack of 

leaflets to an attached fork and then presses a proceed button. A telescope arm 

driven by compressed air transports the fork towards the receptacle and the 

leaflets are positioned in to this. The arm then retreats and the system are ready 

to do the procedure again. 
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Sammanfattning 

 

Företaget Norden Machinery AB har en maskin med namnet NP1702. Denna 

maskin har en ergonomiskt otillräcklig lösning vad gäller ett rörelsemoment för 

en operatör som arbetar med maskinen. Rapporten innehåller ett koncept på en 

förbättring för denna. 

 

I nuläget måste operatören som arbetar med maskinen sträcka sig, när denne 

fyller på en behållare med informationsblad. En av dessa manualer blir 

hoppackad med en tub (tandkräm, hårgelé eller dylikt) i en kartong. Rapporten 

bygger huvudsakligen på de åtta stegen för ”Getting design right”. En stor åtanke 

på ergonomi är innefattad i utvecklandet av konceptet. Med anledning av detta är 

ergonomisk teori en viktig del av rapporten. För att få en större förståelse över 

problemet, genomfördes även ett samtal med ett företag som arbetat med 

maskinen. 

 

Hälsan för operatören kommer att förbättras samtidigt minskas risken för 

felhantering eftersom operatören har bättre kontroll över processen, för att denne 

slipper ett långt, utsträckt lyft varje gång denne skall återfylla behållaren med 

manualer. 

Med konceptet som rapporten bygger på lägger operatören en hög med manualer 

på en tillhörande gaffel och trycker sedan på en knapp. En teleskopsarm driven 

med tryckluft transporterar sedan gaffeln mot behållaren och manualerna 

placeras i denna. Armen drar sig tillbaka och systemet är redo att utföra 

proceduren igen. 

 

  



  
 

V 

Abstract 

 

The machine NP1702 has an insufficient solution concerning ergonomically 

soundness. The report includes a concept to an improvement for this. Currently, 

the operator is bound to complete a stretching movement which is harmful to 

several of his/her body parts. To avoid this movement is mainly what the report 

is focusing on.  

 

NP 1702, GUK, fork, leaflets, telescope arm, receptacle, noise reducing lid, 

sound ergonomics. 
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1. Introduction 

Two students are to perform a degree project which comprises 15 ESCT, at 

Linneaus University located in Växjö, Sweden. The project is the last part of 

the bachelor of Mechanical engineering programme. The name of the 

company, which provides the project, is Norden Machinery AB and is 

located in Kalmar. 

1.1 Background 

The company Norden Machinery AB produces machines which fill different 

kinds of tubes, such as hand lotion and toothpaste. Some of these machines 

possess a cartoning feature, where the tube is put into cartons with a list of 

contents, called “leaflet”. This machine feature is bought from a company by 

the name of GUK. The leaflets come in two states, either pre-folded or 

unfolded. If the leaflet is unfolded there is another feature in the machine 

that folds the leaflet. Figure 1.1 shows the GUK feature in Norden 

Machinery ABs machine NP 1702, the one with unfolded leaflets. The 

transparent noise reducing lid needs to be opened when the leaflets, the 

white papers, are refilled. The lid opens vertically, beneath this there are 

pins holding the leaflets in place, these are adjustable to manage different 

sizes of leaflets. 

 
Figure 1.1 The GUK feature in NP 1702 

Norden Machinery AB and their clients reckons there to be a problem in the 

current situation, with the leaflet refilling procedure. The machine is 

constructed in a way which forces the operator to lift and stretch in awkward 

positions to refill the leaflets. This may lead to physical pain and a risk of 
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depriving the operator of work days and also increase the risk that the 

operator makes mistakes. 

Norden Machinery AB originates from a local machine manufacturer in 

Kalmar, Sweden, it was founded in 1877. In 1934 the company, now by the 

name of Arenco, started to produce tube filling machines and has done so 

ever since. In 1980 the name was changed to Norden Machinery AB and in 

2008 they became a part of the Coesia Group from Italy. During these years 

Norden Machinery AB has produced a lot of innovations and have had 

several patents. (Norden Machinery AB, 2012) 

1.2 Goals 

The goal is to deliver one or two ergonomic based concept solutions. In 

these solutions, there will be sketches and cost estimations of how to solve 

the leaflet refilling problem for Norden Machinery ABs machine NP 1702. 

This is made to decrease the generated damage to the operators’ health and 

decrease the risk for mistakes. 

The goal is also to answer the question how the operator moves when he/she 

loads the receptacle now and compare with the movement from the concept 

solutions delivered by this report. In other words, to compare the movement 

before and after and by this educt if the harmful movements were reduced or 

not. 

1.3 Limitations 

Norden Machinery AB makes several different machines; this project will 

only focus on the NP 1702. There is a demand from the company to make 

the solution as cheap as possible, but no budget was received. The time to 

finish this project is set to ten weeks and extents from the end of March to 

the end of May. The permitted materials to use were set to plexiglas, 

stainless steel and aluminium, since that is the materials used in the NP 1702 

and the look of the machine should be coherent. The leaflets come in two 

states: folded and unfolded. This makes the features of the machines a bit 

different. The unfolded leaflets have to be folded before being put into the 

carton, which make it a necessity to have a folding unit in the machine. This 

report will focus mostly on the unfolded leaflets. 

When developing a concept, no exact measurements on the drawings are 

made. Therefore, all measurements are estimated. 
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2 Theory 

2.1  Ergonomics 

Ergonomics is the science of how the body and mind reacts in different kind 

of work. There are several areas of knowledge gathered in the field of 

ergonomics, such as: humans’ physical and mental processes, humans’ 

possibilities and limits, social and organizational factors. (Rislund 2006, 43) 

In other words, it is how the equipment and the workplace affect the people 

in different ways. As the Swedish work environment administration points 

out; ergonomics helps to adjust the work to humans to prevent risks for 

health and accidents. (Arbetsmiljöverket, 2014) 

Repeated strain injuries are the most common cause for sick leaves, and 

results in daily aches in both muscles and joints. Reports shows that the 

average period of sick leaves caused by strain injuries is about five months, 

and consists of 40% of all the total injuries which may strike an employer. 

These reports include both men and women. Physical training does not 

prevent injuries caused by an iterated occupation, although it is wildly 

believed to do so. (Arbetsmiljöverket, 2013). Even so, there are opposing 

sources who claim that exercise can reduce the risk for such injuries. 

(Törnström 2007, 14) 

 

To constantly repeat regular movement will burden certain parts of the 

human body. These damages are regularly increasing, and takes a long time 

to heal. It is hard to get well once these sorts of problems has developed. 

Ergonomics soundness is about more than just how to stand, sit, lift and 

carry. It is also about how a company plan and organize the different 

processes for the employers, to simplify their workload. There are even 

more aspects to ergonomics, such as: psychological aspects, working in hot 

or cold environments or to be forced to do something that is culturally 

divergent. (Arbetsmiljöverket, 2013) 

 

Production in the industries improves with a sound ergonomic environment, 

while a decrease in the same makes the production weaker. Investments in 

methods and products, which improves the ergonomics, are beneficial for 

the employers and should be considered to be an investment, more than a 

cost. (Vene, 2014) 

Some of the reasons people get problems with their muscles, bones or joints 

are demanding postures and movements, repetitive labour, low conditions 

for visibility, manual handling and loud noises. (Arbetsmiljöverket, 2013). 

All though there are other, more individual, factors to take in to 

consideration, e. g: age, BMI, sex and personal habits such as smoking or 

genetics. (Törnström 2007, 14). 
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2.1.1 Demanding postures and movements 

Most human can perform demanding work postures and movements, 

without any serious risk for injuries. However, if a motion is commonly 

repeated or if a work posture demands the body to be strongly bent, 

stretched or turned it might lead to pain in muscles and joints. The body 

needs time to recover so it is not optimal to let one person have the same 

work task all day if the labour is repetitive or have a static influence on the 

muscles. Figure 2.1 the orange zones shows where a person comfortably can 

lift and carry loads. Outside of these areas is the danger zone where the risk 

of injuries are prone to happen. 

Sitting and standing is also important when considering ergonomics. If a 

person is seated all day at work, the risk for cardiovascular disease is 

increased. On the other hand if a person is standing all day, it is wearisome 

for both legs and back. An even middle ground is suggested. 

(Arbetsmiljöverket, 2014). Common areas on the human body where 

injuries are regular are legs, feet and lower and upper part of the back. 

(Törnström 2007, 15) 

 

 
Figure 2.1 comfort zones for arm movements (AFS, 2011) 

 

2.1.2 Repetitive labour 

Repetitive labour is when a person performs the same movement again and 

again, often with a high frequency. Monotone work, outside the comfort 

zone, like this can lead to sore muscles and damage on tissue and sinews. 

These injuries will build up gradually and may take a sufficient amount of 

time to recover from. (Arbetsmiljöverket, 2014). Body parts often affected 

by repetitive work are: hands, wrists, neck and the shoulders. (Törnström 

2007, 15) 
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There are a number of ways to minimize the risk of injuries. The solution 

can be both technical and organizational. The technical solution is often to 

rebuild the machine or work station. An example of an organizational 

solution is to apply a rotation in the work site. This gives the workers a 

chance of avoiding uniform movement. Another solution is to give the 

worker a break, to let the body recover. There are also basic ways of solving 

these kinds of problems. An easy way is by switching hand when, for 

example, holding a hammer. Another might be to switch shoulder, if these 

are used to carry something etc. (Arbetsmiljöverket, 2014) 

2.1.3 Low conditions for visibility  

As the name suggests, this condition affects the eyes. However, it can also 

affect the muscles and joints. Poor lighting environment can cause the 

operator to bend forwards to get a better sight, which creates a bad working 

posture. Even without the movement, a poor visibility can inflict pain in the 

neck and shoulders. (Arbetsmiljöverket, 2014) 

2.1.4 Manual handling 

Manual handling is when a person lifts or carries a heavy burden. This 

should be highly avoided. There are a lot of tools to help with lifting and 

carrying heavy weights. A common injury is in the lower back. It can also be 

dangerous to lift heavy objects. The risk of an accident is much higher when 

concentrating on the load and not paying attention to the surroundings. 

(Arbetsmiljöverket, 2014) 

2.1.5 Measurements  

Human measurements are different all over the world. The most common 

man is the”50 percentile man” who has the average height and weight. Some 

humans may also have more uncommon heights and weights and is 

called”99 percentile man” and "1 percentile man” as shown in figure 2.2. 

The measurements for women also varies as the tables 2.1 and 2.2 below 

indicates. (Dreyfuss, 2002) 
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Figure 2.2 Different heights of man (Dreyfuss 2002, 12) 

 

Table 2.1 different sizes of men 

“99 percentile man” “50 percentile man” “1 percentile man” 

111.2 kg 

Total length of 192 cm 

159.5 cm up to 

shoulders 

80 cm from shoulder to 

finger tip 

 

78,4 kg 

Total length of 175.5 cm 

144 cm up to shoulders 

72.6 cm from shoulder 

to finger tip 

 

45.6 kg 

Total length of 159 cm 

128.5 cm up to 

shoulders 

64.7 cm from shoulder 

to finger tip 

 

 

Table 2.2 different sizes of women 

“99 percentile woman” ”50 percentile woman” ”1 percentile woman” 

98.9 kg 

Total length of 177.3 cm 

146.5 cm up to shoulders 

72.4 cm from shoulder 

to finger tip 

 

62.5 kg 

Total length of 147.6 cm 

132.6 cm up to shoulders 

67.3 cm from shoulder 

to finger tip 

 

42.2 kg 

Total length of 147.6 cm 

118.6 cm up to shoulders 

59.7 cm from shoulder 

to finger tip 
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2.1.6 The Users 

There are additional users to consider, and not only the operator and the 

company who buys a concept. Users include everyone who is using the 

concept. The different titles will from now on be referred to as: 

1. Company - the first user is the one who order the concept, and make the 

demands on it. 

2. Designer - the second one is the one who constructs the idea of the 

concept. 

3. Constructor- the third is the one who actually constructs it. 

4. Prototype constructor - before the product is sold, it might be a good idea 

to make a prototype of it. 

5. Marketer - to increase the desirability of the product it may be a good idea 

to get it advertised. 

6. Economist - It might be reasonable to occupy an economist, to analyze the 

total cost for the concept, and to make a tender of it. 

7. Operator - Then the operator who works with it on a daily basis is notable. 

8. Mender - When the machine is broken, the next customer is the mender, 

who fixes the problems. 

9. Dismantler - The last customer is the dismantler, who scraps and recycles 

the product when it’s forfeit. 

(Landqvist, 1994) 
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2.2 Product development  

Product development has been handled in traditional engineering art. 

Psychical prototypes were built and tested in a way called “trial and error”. 

This way was very inefficient when resources, time and economy had to be 

taken in to consideration. 

It is harder to compete on the current market, with focus on adaption to 

costumers, quality and shorter lifetime on products. (Johannesson, Persson, 

Pettersson, 2004, 14-15) Today, computers are used with effective programs 

which simplify the different tasks which the engineers might have, with the 

formation of a product, and also with calculations and researching. (Ibid, 16) 

Engineers have certain demands to have technical knowledge mixed with a 

great experience in the design process. A designer should be able to work 

with the engineer to achieve the best result. (Ibid, 30) 

 

Figure 2.3 product development cycle (Jackson 2010, 7) 

Figure 2.3 shows the product development cycle according to Getting design 

right (Jackson 2010). These are the eight steps in the design process: 

1. Define 

2. Measure 

3. Explore 

4. Optimize 

5. Develop 

6. Validate 

7. Execute 

8. Iterate 
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2.2.1 Defining the problem 

It is important to initially comprehend the problem to get a splendid result. 

There seems to be a tendency of rushing in to the design part too rapidly, 

which may result in a terrible result. Another complication which the 

involved partners perceive is to waste important time and not initiate the 

project. (Jackson 2010, 13) 

To define the problem is about getting started and to build a great ground to 

build the project upon. It is also about to realizing what the solution must 

acquire. A project starts with an idea; it may be by solving a problem, or by 

a solution to a problem. To acquire a possibility to begin with the design 

procedure, one must receive some sort of complaining in form of naming the 

problem “I hate it when” etc. (Ibid, 14). The design team should start by 

studying the current context and thinking about what and who are involved. 

It is always a wise decision to continue with a sketch of an idea, because 

when making a sketch, the process of visualizing the idea starts. Every team 

based design project should have sketches or diagrams which shows the idea 

on a single page. It is important to evaluate who you are trying to satisfy 

with the design. It is good to have an apparent idea of who is involved and 

what their attitude might be. The goal should be to please everyone who gets 

involved with the design. (Ibid, 17-18) 

There are three parties, which will be involved in a project; the owner, the 

customer and the operator. The owner sets the goals for the design and 

makes the major general decisions, this can be limiting. The customer 

includes the one buying the system and transfers it in to usage, but also 

involves some additional parties, which were described in chapter 2.1.6. The 

operator is the one who uses the system. There are several tools to visualize 

a collection of objects in relationship to each other. One tool is the context 

diagram, which describes the relationships between the users and the 

product. (Ibid, 20) Another tool is the context matrix, which shows what the 

different parts are doing in context to one other. For example, a car might be 

driven by the driver, but a passenger in the car is also a user. It is necessary 

to gather data on the sense in which a system is to be used. It might be by 

observing a process which are currently used and collecting data on the 

customers’ demands. (Ibid, 27) 

A good way of understanding what the customer wants is to spend time with 

them at the customer work site, or at events where the customers gathers. 

This is made to collect customer comments. An advantage with the method 

is that a company does not need to have an existing product to gather 

feedback. (Synthesis, 2013) A list of functional requirements of the system 

is written to define the requirements according to function. These definitions 

should state what the system is expected to do. They should specify what the 

system are obligated to do. What the system should do is an important 
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feature, while how to do it is less important. A design is unacceptable if it 

does not delight a demand. (Jackson 2010, 35-37) 

To better understand situations which may appear in certain situations for a 

system, one may collect use cases. This situation is how a user normally is 

using the system. The product or system might be usable for more than just 

the situation it was created for. (Ibid, 39) A lot of use cases may arise. These 

cases have diverse priorities: high (H), medium (M) and low (L). The 

priorities are based on the importance of each functional requirement. The 

last part for defining the problem is to make sure that the requirements are 

not suggestive, too restrictive or antagonizing. It is better to realize which 

parts are good and which are not as fast as possible. The later a challenge 

occurs, the harder it gets to solve it. (Ibid, 41) 

2.2.2 Measuring the need and set the target 

The focus is now on the measurements and targets and to use the objectives 

from the earlier chapter which the product had and use these to estimate (1) 

how well the products may achieve these objectives and (2) measure how 

important the different objectives which the product has are to the 

costumers, (3) show why the new design concepts are better than the current 

ones. Measure the need and set the target is about to be more detailed in 

performance specifications and to specify these in engineering terms. 

The process includes three important steps: 

o Measure the need 

o Translate the need into technical requirements 

o Identify the customer value proposition 

The concept is about making general goals stated in an easy comprehensive 

language to specify these in engineering terms. It is used everywhere when 

designing a product. (Jackson 2010, 59) 

The house of quality is a powerful tool to use when matching technical 

characteristics to customer objectives. It also gives an idea of how their 

competitors´ products compares to the designers own idea. It is also good to 

get technical information about the product. (Ibid, 85). Figure 2.4 shows a 

sketch of how the house of quality can look like. 
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Figure 2.4 the house of quality 

There are several methods which can be utilized to attain the needed 

information to continue. The goal-question-metric method is used to identify 

the goals of the different measurements. These measurements are gathered 

from the voice of the customer. (Ibid, 63)  

Throughout history, individuals have improved their conditions by learning 

from each other. Benchmarking is when a company finds information about 

the best competitors and improves their products by using this information. 

It is an important factor for many companies all over the world. Many use 

this as an important tool for developing products. (Gellerstam, Järpenmyr 

2011, 1) Targets emerge when discussing the issues involved. Analyses on 

customers and competitors are made to formulate a value evaluation and 

decide if this is strong enough to proceed with the project. (Jackson 2010, 

84) 

An analytic hierarchy process, which is a detailed declaration of product 

objectives are now to be made. The different product objectives are now 

divided into more detailed categories, for example a hammer might help the 

carpenter at a construction area, but it might also help the carpenters’ 

colleges if they intend to use it. (Ibid, 75) 
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2.2.3 Exploring the design space 

Exploring the design space is about discovering serious complications in an 

early stage, so that time and effort is not misspent on useless concepts which 

does not work, either practically, theoretically or combined. It is about 

preventing and finding these serious problems which may occur. This is 

made by exploring the design concept, to assure that the design solution is as 

creative as considered in the initial stage. This will hopefully reveal a better 

creative approach, though the most creative ideas may come from less 

confident group members which wouldn’t have been able to show their ideas 

if it wasn’t for the exploring process. 

There are two important techniques which are used in the process: 

1. Discovering essential concepts to the design problem at hand. 

2. Assembling the different concepts and interlacing these into solutions. 

(Jackson 2010, 103-104) 

To explore the design space is about seeing things from new perspectives 

and to discover other design solutions through exploring. Several pitfalls 

may occur if a team of engineers avoid exploring the design space. A lot of 

concepts are narrowed down to the most suitable ones according to the 

design. (Ibid, 127) 

Researching may also produce design solutions, in addition to the 

brainstorm process, such as research related products, patents and trade 

journals, interviewing and talking to experts. In general, it is about turning 

ideas to reality by narrowing down and adding concept fragments. (Ibid, 

107) 

2.2.4 Optimizing design choices 

There are some figuring complexities when the current point is reached. One 

of these is the circular discussions: one group member find concept A to be 

the better than B, while another reckons concept B is better than C. Then the 

third member finds C to be better than A. The three employees consider their 

reasoning to be the best one, and there is no way out of the loop. (Jackson 

2010, 131) The optimize design choices is about finding out which of the 

occurring design concepts are most beneficial, for proceeding a process. A 

company might have built a lot of different design concepts which has to be 

reduced to the most suitable one. (Ibid 146) 
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2.2.5 Developing the architecture 

At this stage a detailed design of the product will be initiated. Now the 

product is divided into subsystems to better understand the problem and how 

each subsystem works. Furthermore, to see how the subsystems interact with 

each other. (Jackson 2010, 153) If the project consists only of one person, 

the current step is not too important. If, however, the project is large and has 

several persons working on it, this step is crucial. The aim is to describe the 

subsystems to the point of satisfactory. This way the different people 

involved can continue working with a subsystem each, to improve it. (Ibid, 

153) 

 

The operational description template (ODT) is used to describe each 

subsystem, from the start of an event, to the finish. 

The use case behaviors specified in the step measure the need and set the 

targets is now used to developing functional requirements for each 

subsystem. (Ibid, 184) 

2.2.6 Validating the design 

To consider building the right product, to meet the customers’ expectations 

and needs is about to validate the design. This procedure is called 

Verification and validation (V&V) 

There are two significant steps in this process: 

 Verifying the requirements 

 Managing design risks 

The two steps is about knowing how likely a project is of succeeding. 

(Jackson 2010, 213-214) 

It is good to reviewing a group of individuals who represent the potential or 

known customers and the ultimate users of the proposed product or service. 

This is called customer design review. (Ibid, 217) 

An internal design review is when a presentation is shown to specialists 

within the design sector. These individuals don’t have to be a part of the 

given project, but still has a great cognition of the operation, engineering etc. 

which is essential to the given project. This is called internal design review. 

(Ibid, 217) In general, validating design is about managing risks and 

avoiding these by finding the risks and to perceive how these may damage a 

product. 
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2.2.7 Executing the design 

This part is the process of making sure that the system being built satisfies 

both requirements and customers. To validating if the product being made is 

the product the customer needs (building the right product) and verifying 

that the product has passed through the development process correctly. 

(Jackson 2010, 255) 

 

In this segment, the plan is to make sure that the project is executed in the 

right way in the perspective of time and budget. The project is divided in to 

two parts: 

 

o Scheduling the project and track progress 

o Conducting management reviews 

(Ibid 255) 

In the first part a list of task needed to complete the project is set up. These 

can be called mile-stones, and are set to easier track the progress of the 

project. The second part is to conducting management reviews. This means 

to have the different team leaders reporting the progress to the project 

manager. The project manager then has complete control over each phase of 

the project. (Ibid, 288) 

2.2.8 Iterating the design process 

Iterate is when a process is repeated, to improving it in certain ways. There 

are four different methods to use to get the design right: 

1. Iterate until feasible 

2. Iterate with improvement 

3. Iterate by level 

4. Dive and surface 

(Jackson 2010, 291) 

Iterate until feasible is about backtracking a process in order to solve or 

improve it. This is a significant part of problem-solving methods. To assume 

that a design process will be proper is a mistake; in fact backtracking should 

always be a part of the process. It is, however, important to have in mind the 

costs for the backtracking, and narrowing down concepts so that the 

potential design efforts are the only ones remaining. (Ibid, 291) 
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Iterate with improvement is about learning and improving, instead of 

detecting and removing parts in a design process which was the earlier ways 

of reasoning. This was the vision in many Japanese companies, with Toyota 

as the standard-bearer. Many companies all over the world found this way so 

brilliant, that they emulated this method. All sort of industries adopted this 

method, among others; health care, information systems, business processes, 

educational services etc. (Ibid, 294). The iterate-by-level process is about 

interlude one process, to take over it by a smaller, very precise cycle. This is 

followed up by continuing the bigger process when the smaller has been 

iterated. (Ibid, 299) The last way of the iterating the design process is the 

one called “dive and surface”. The “dive” part is about analysing a problem 

on a more detailed level, while the “surfacing” part is when these details are 

summarized. A systems view of a problem is elaborated in the surfacing 

phase. (Ibid, 303)  
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2.3 Compressed air  

Compressed Air Energy Storage (CAES) applies air as the exerted energy. 

This energy is accumulated under pressure and may expand to generate 

additional energy. Compact air is stored, and when energy is required, the 

compact air increases with the assistance of extension equipment which 

creates power which drives the machine. (Keeney 2013, 4) 

2.4 Plexiglas 

Plexiglas is a transparent disc made of acrylic plastic with surface gloss. The 

material is very resistant against sunlight, weather and wind. (K-rauta) 

During the years it has been developed to cover a lot of different application 

areas. (GOP 2013) 

The material can be broken down to its original chemical element or 

immediately be recycled entirely. It doesn’t submit any toxic gases if it start 

burning, which makes it environmentally friendly. (Evonik industries 2012) 

2.5 Aluminum  

Aluminum is resistant to corrosion and has a high conductivity to electricity. 

However, the strength capacity is decreased at higher temperatures. It is 

mainly applied in construction, containers, electrical conduction and in 

equipment. (Sjölander 2011, 1)  

Aluminum is the second most common metal because of its feature of 

combining several good qualities.   

Even though it has a low weight, with a density of 2.7 [kg/dm3], it also has a 

high strength of material with a rupture stress up to 700 [MPa] and keeps its 

toughness in environments with low temperatures. Aluminum has the 

quality of having a good resistance against corrosion, because of its layer of 

oxidants which is formed when contacting air. Furthermore, it has a 

favorable conductivity for electricity and heat. (Ullman et al. 2003, 265.) 

The properties of aluminum are influenced by temperature. Room 

temperature eases the abrasive wear. (Casellas et.al. 2011, 6) 

Aluminum is economically beneficial, and easy to recycle. It is favorable to 

extract the material, in comparison to extracting energy; an energy gain of 

15000 [kWh] electric power and 1100 [kWh] fossil fuel per metric ton. The 

technical recycling process is easy hence it is melted down to be reused. The 

melted aluminum may be used for the same purpose as it were before 

melting it. (Återvinningscentralen 2007) 
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2.6  Stainless steel 

There is several types of stainless steel; austenitic, ferritic, ferritic- austenitic 

(also called duplex) and martensitic- austenitic stainless steel. They have 

different features, depending on aspects such as content of coal and alloys. 

Different steels are therefore used in different environments. The ferritic and 

martensitic has similar features in the viewpoint of material strength. They 

are beneficial to use as construction steel. Higher coal content is used as tool 

steel, but has a lack of abrasive hardness. The austenitic steel has a high 

breaking limit when used in room temperature. The most common austenitic 

steel has a low limit of stretching strain. These may be cold worked to 

increase the ultimate limit and the yield point. (Ullman et al. 2003, 234) 

 

The biggest content in austenitic stainless steel is austenite, which converts 

into martensite when deformed. This improves the plastic hardening. 

(Larsson 2011, 3) When converting austenitic steels through plastic 

deformation, it increases the strength and deformation hardening. (Larsson 

2011, 11)  

Carbon steels are more disposed to oxide scale formations than stainless 

steel. This makes stainless steel more vulnerable to shortcomings in the 

surface than the carbon steels, because in these types of steels, the variances 

may be deleted.  This makes it important to adjust flat surfaces when 

producing stainless steel. 

(Storck 2009, 12) Stainless steel has a low negative impact to the 

environment, according to the high ability of recycling and re-using the 

material. (FMH stainless 2012, 4) 
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1.4  Requirements and specifications  

 The maximum stack and size of paper which the operator will lift by 

hand, and place in the receptacle, is set to be 500 A4 papers. This gives a 

maximum load of 2.5 kilograms. 

 The maximum pressure of compressed air, which can be used in 

constructing the new solutions, is set to 6 bars. 

 The machine is able to handle a maximum of 200 leaflets/cartons per 

minute. 

 The materials permitted to use is stainless steel (EN 1.4301), aluminum 

(EN AW-6082) and Plexiglas (PMMA). The same materials already used 

in NP 1702. 
 

 

  



  
 

 

 

19 

Hannes Borg, Kim Bergström 

3 Method 

3.1 Qualitative and quantitative methods 

A combination of these two methods is to be used in this report. 

A qualitative method was developed in the early 1900s and was mainly used 

in the social sciences. Today the method is recognized in most of the 

different sciences. The method is used when a complex to describe- situation 

or a problem with figures and numbers occurs. (Nationalencyklopedin) 

 

The quantitative method is used to gather quantifiable and empirical data. 

This data is then summarized and analyzed in a statistical way. The results 

are compared to the hypothesis given in the beginning of the report. 

(Nationalencyklopedin) 

3.1.1 Qualitative methods 

The qualitative methods which will be practiced in this report are: 

• Interviews of operators who spent tremendous time working with the 

machine to investigate which part of the body is dealt the most injuries and 

if they would prefer some sort of solution. A positive aspect according to 

this method is that actual discussions involving these questions, with 

someone who has operated the machine, practically arise. Though this is 

very favorable, it may also be deceptive because of the operators’ 

unawareness of ergonomics in general. His or hers desires on what to be 

made might be completely wrong, in comparison to what a doctor or 

naprapath might reckon. 

• An assembly of the completed solution will be built to get a greater view of 

how the completed solution actually works in the reality. The assembly 

won’t be constructed in the same materials as the NP1702, it’s only to 

provide a view of how the new concept will work. 

3.1.2 Quantitative methods 

The quantitative methods which will be selected in the report are: 

• Calculations, according to the strengths of the materials to analyze if the 

selected ones are sufficient or not. 

• Economically, no budget is received from the company. However, the 

solution should not cost more than needed. The writers will use cost 

databases to estimate the costs of the materials. However, it is hard to 

evaluate how much waste of materials it would be. 
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• There are several different methods for developing a product. The method 

chosen for the selected project is taken from the book “Getting design right 

– a systems approach, by Peter L. Jackson. Though there are several 

different methods in the field of product development, the method chosen is 

regarded as the most beneficial according to the problem. However, some of 

these steps are deemed as unnecessary and will not be included in the report. 

• Solid Works is chosen for designing 3D drawings. The program is well 

known to many companies, which will recognize it and may follow and 

easily apprehend the concept drawings 

3.2 Validity 

To complete the goals in this project, an estimated measurement of how 

much better the feature developed in this project will be compared to the 

existing one. To do this it is needed to get reliable data from operators who 

have worked with the machine for an extensive period of time. These 

operators know what injuries, if any, might occur. Thereafter, compare the 

operators’ movements in the existing situation with the expected movements 

for the new product.  

3.3 Reliability 

The reliability according to the improvement is difficult to realize. It will 

take a great amount of time to test the solution properly. 

3.4 Criticism to the selected method  

It will be difficult to get a satisfying result in this project, mainly because an 

extensive period of time is needed to test the new product before any results 

can be produced. Since this project only lasts for ten weeks, there will be no 

time for testing. However, an estimation of the new product will be done, 

but the certainty of this estimation cannot be verified.  
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4. Application 

4.1 Defining the project 

The name given to the solution is KBHB14. It stands for Kim Bergström 

and Hannes Borg 2014. KBHB14 will hereafter be the name used in the 

report. 

4.1.1 Description of existing concept 

The cartoning machine, NP 1702, is made at the location of Norden 

Machinery AB in Kalmar. Depending on what the customer needs, there are 

several add-ons to the machine. One of these is the GUK, a paper folding 

unit. The GUK folds a piece of paper (leaflet) which product description of 

the selected product. The leaflet is, after folding, put in a paper carton 

together with the tube. Figure 4.1 shows the leaflet receptacle. 

 

 
Figure 4.1 leaflet receptacle 
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Figure 4.2 shows how the operator leans and stretches to refill the leaflets 

into the receptacle of the GUK unit. The binder in the picture represents the 

maximum stack of leaflets the GUK can handle, which is 500 A4 papers. 

The distance between the edge of the conveyor belt, closest to the operator, 

and the middle of the GUK receptacle is 70 cm. With a speed of 200 leaflets 

per minute and with a stack of leaflets in A4 size contains about 500 pieces, 

the operator must refill the receptacle every 2.5 minutes. Even sooner if 

he/she don’t want the leaflets to run out. An average person works eight 

hours per day which means that the refilling procedure is done about 190 

times in one day. This may very well lead to strain injuries due to repetitive 

work and bad work posture.  

 

 
Figure 4.2 refilling of the GUK unit 

 

 

The company have some features on their machines; they do not want them 

to get published for the gain of their competitors. Pictures and videos can 

therefore only be taken on certain parts of the machine.  

 

Norden machinery has almost half the market for tube filling machines. 

They deliver to a lot of countries around the world, especially to South East 

Asia. This means that there are many different people working with this 

machine. People with different body sizes and heights. As it is today shorter 

people will have to bend and stretch more to refill the leaflets in the machine 
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than taller people. This makes the shorter operators more likely to receive 

strain injuries. 

 

Figure 4.3 shows how the operator loads the leaflets in the existing concept 

and a preview on how a new concept might work.  

 

 
Figure 4.3 Description of the concepts 

 

The following steps are included in the process:  

 

1. Empty tubes are automatically put in to the machine. 

2. The tubes are filled and closed. Like figure 4.4 indicates.  

 
Figure 4.4 Tube, carton and leaflet 

 

3. The tubes are transported towards the GUK feature, where the operator is 

located.  

4. A sensor detects the tubes and sends a signal to the GUK and the rest of the 

machine. The signal tells the GUK to fold the leaflets and transport them to 

the next station.  

5. In this station, the tube and the leaflet are lined up perfectly, before they are 

forced into the carton. See figure 4.5 
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Figure 4.5 View before forced into the carton 

 

6. In the final stage the cartons are placed in shipment boxes and are ready to 

be delivered.  

4.1.2 Documenting the context of the system 

A summary context matrix is used to describe how relations between 

different parts of the system are involved with each other. These different 

parts were applied from the behavioral description and give the reader a 

view of the parts involved. It is read from left to up, i.e. the operator works 

with other employers. 

 

Table 4.1.1 Context matrix 
Is related to Operator Other 

employers 
GUK Lid Leaflets Stop 

button 

Sensors 

Operator  Works 

with 

 Controls    

Other 

employers 

  Observes     

GUK Controls    Contains Is part 

of 

Is part of 

Lid   Is part of     

Leaflets Refills  Is part of     

Stop button        

Sensors    Detects     
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4.1.3 Identifying the roles 

According chapter 2.1.6 there are 9 different users. This report will not 

reflect on all of them. The company is Norden Machinery AB and ordered 

the concept. The designers are the report writers who are working to come 

up with the concept. The constructor, prototype constructor, marketer and 

the economist are all employed by the company, Norden Machinery AB. 

The operator works at a different company and is the one who will actually 

use the solution. The mender can also work at the company who bought the 

machine from Norden Machinery AB, but can also be employed elsewhere. 

The dismantler is the final customer and works at a scrapheap or a recycling 

company.  

4.1.4 The voice of the customer 

Engineers at Norden Machinery AB have attempted, but could not get a 

working concept, to fulfil the demands. Therefore, the company did not want 

to give the report writers as much information about their desires of how the 

KBHB14 would be designed. Though, they wanted the KBHB14 to be more 

ergonomically constructed, and to decrease the strain to the operator and 

reduce the risk for mistakes. 

The design is to be good, safe, and functional. Some of the functions to 

consider is; the precision of refilling the leaflets, the delivery system, 

different heights of people and the control system (sensors, computer 

programs etc.). 

The company desired the selected material to be similar to the rest of the 

NP1702, such as Plexiglas, aluminum or stainless steel. The NP 1702 has an 

operating speed of up to 200 leaflets per minute. 

It is to be designed for s maximum load, which is similar to a stack of A4 

papers used in printing machines (500 pieces). The A4 stack has a weight of 

approximately 2.5 kg. The provided access to 6 bar of compressed air that 

can be used if needed.  

 

There are two types of delivery systems for the leaflets, one is where the 

GUK folds the paper, in the other the leaflets comes pre-folded. The report 

writers are to focus on the machines with unfolded leaflets but can come up 

with a concept for the one with pre-folded leaflets if there is time.  

An important consideration to have in mind when designing the KBHB14 is 

the noise reducing lid. This is used to decrease the noise from the GUK. The 

lid has to be lifted every time there is a refilling phase, which complicates 

the process. 

Norden Machinery AB have a desire, but not a demand, to load additional 

stacks of leaflets. The more stacks of paper, the less often the operator needs 

to do the leaflet refilling process.  
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Table 4.1.2 the voice of the customer 

Make an ergonomically increasing 

solution 

Make the solution friendly to 

elbows 

Make the solution friendly to the 

shoulders 

Make the solution friendly to 

hands 

Make the solution friendly to the 

back 

Make the solution friendly to the 

neck 

Make the solution friendly to the 

knees 

Make the solution friendly to the 

wrists 

Make a safe solution No sharp edges 

No pinching hazard 

Make a system that decreases the 

risk for mistakes 

Make a functional solution Make the precision of refilling the 

leaflets good 

Make a delivery system 

Make the height adjustable 

Make a control system 

Make a noise reducing lid 

Make a system which have the 

same speed as the NP 1702 

Make an adjustable delivery 

system which can carry a 

maximum of 500 A4 papers, up to 

2.5 kg 

Make the system able to carry 

more than one stack of leaflets 

Make a design similar to the rest of the 

machinery 

Make the system in the same 

materials as the NP 1702 

Make similar shapes and form as 

the NP1702 

 
  



  
 

 

 

27 

Hannes Borg, Kim Bergström 

4.1.5 Use cases  

4.1.5.1 Primary use cases 

Use cases are gathered to define the functional requirements, they are 

surfacing when considering how the system will be used in different 

situations. The use cases are prioritized by high (H), medium (M) and low 

(L). (Jackson 2010, 41) 

 

Table 4.1.3 Prioritized use cases 

Use case ID Use cases Priority 

1 Operator refills paper H 

2 Operator shuts down the system L 

3 Operator maintains the system M 

4 Operator repairs the system L 

5 Operator restore the stack of paper, if jammed H 

6 Operator stacks more than one batch of leaflet in 

the system 

M 

 

 

The tables below (4.1.4- 4.1.9) indicate a detailed description of every use case. 

Table 4.1.4 Use case 1 

 

  

1. Use case ID 1 Operator refills paper 

2. Initial condition 

System is running and is out of paper 

 

3. Operator                                                              System 

The operator notice the paper bunch is getting low                    

The operator reach for a new stack of paper 

The operator places the stack on the system 

                                                                  The system shall detect the new stack of paper 

4. Ending condition 

The system is ready to continue 

5. Notes 
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Table 4.1.5 Use case 2 

1. Use case ID 2 Operator shuts down the system 

2. Initial condition 

The system encounter a complication 

 

3. Operator                                                                         System 

The operator detects a problem 

The operator press stop button on the NP1702 

                                                                                          The system shall stop 

The operator adjust the problem if he/she can 

The operator restart the system 

4. Ending condition 

The system is ready to continue 

5. Notes 

 

 

Table 4.1.6 Use case 3 

1. Use case ID 3 Operator maintains the system 

2. Initial condition 

The system demands some sort of maintenance  

 

3. Operator                                                                         System 

                                                                                The system is in need of maintenance 

The operator press the stop button on the NP1702 (if needed) 

The operator fixes the matter 

4. Ending condition 

The system is attended 

5. Notes 
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Table 4.1.7 Use case 4 

1. Use case ID 4 – Operator repairs the system 

2. Initial conditions  

System is broken or defect 

 

3. Operator                                                                         System               

                                                                                The system shall detect failure 

                                                                                The system shall send signal to alarm 

The operator notice that the system is not running 

The operator shuts down the machine 

The operator repairs the system or calls maintenance  

                                                                                 The system shall be easy to repair 

 

4. Ending conditions 

The system is repaired an ready to run again 

 

5. Notes 

 

 

Table 4.1.8 Use case 5 

1. Use case ID 5 – The operator restores the stack of paper, if jammed  

2. Initial conditions 

Paper is jammed in the machine, system is stopped.  

 

3. Operator                                                                             System 

                                                                                       The system detects failure 

                                                                                       The system sends signal to alarm 

The operator notice that the system is not running 

The operator shuts down the machine 

The operator fixes the jammed paper 

 

4. Ending Conditions  

The jam is fixed and the system is ready to run again 

 

5. Notes 
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Table 4.1.9 Use case 6 

1. Use case ID 6 - Operator stacks more than one batch of paper in the system 

2. Initial conditions 

The system is running and more paper batches are waiting in line  

 

3. Operator                                                                 System 

The operator puts more batches into the system 

                                                           The system shall be able to hold more than 1 batch 

 

4. Ending conditions 

The system holds more than one batch of paper 

 

5. Notes 

 

 

4.1.5.2 Secondary use cases 

The secondary use cases are conceived when considering how the system 

can be abused or encounter other complications. Safety and reliability are 

also factors to consider here. The following tables (4.1.10- 4.1.14) prioritize 

and describe each secondary use case. 

 

Table 4.1.10 Secondary use cases 

Secondary 

use case 

ID 

Secondary use cases Priority 

1. The operator loads more stacks than the system is 

designed for 

M 

2. The stack of leaflets is poorly placed and unravel  H 

3. The system is incorrectly calibrated H 

4. Foreign objects are placed in the system  L 
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Table 4.1.11 secondary use case 1 

1. Secondary use case ID 1 - The operator loads more stacks then the system 

is designed to 

2. Initial conditions 

The system is running 

 

3. Operator                                                                 System 

The operator puts more batches into the system 

                                                                              The system is overloaded with batches 

                                                                              The system stops 

4. Ending conditions 

The system is paused 

 

5. Notes 

 
 

Table 4.1.12 secondary use case 2 

1. Secondary use case ID 2 - The stack of leaflets is poorly placed and unravel 

2. Initial conditions 

The system is running 

 

3. Operator                                                                 System 

The operator poorly places a batch in the system 

                                                                              A leaflet might get stuck in the system 

                                                                              The system stops 

4. Ending conditions 

The system is paused 

 

5. Notes 

 
 

Table 4.1.13 secondary use case 3 

1. Secondary use case ID 3 - The system is incorrectly calibrated 

2. Initial conditions 

The system is running 

 

3. Operator                                                                 System 

The operator is not observant on what  

calibrations has been made 

                                                                              The system is not working properly 

                                                                              The system stops 

4. Ending conditions 

The system is paused 

 

5. Notes 
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Table 4.1.14 secondary use case 4 

1. Secondary use case ID 4 - Foreign objects are placed in the system 

2. Initial conditions 

The system is running 

 

3. Operator                                                                 System 

Someone puts a foreign object into the system 

                                                                              The system is not working properly 

                                                                              The system stops 

4. Ending conditions 

The system is paused 

 

5. Notes 

 

4.1.6 Functional requirements 

The functional requirements are derived from the use cases, both primary 

and secondary. The system must contain technology to support these 

requirements. 

 

Tables 4.1.15 and 4.1.16 provide an overview of the functional 

requirements. 

 

Table 4.1.15 primary functional requirements 

Functional requirements from primary use cases 

System shall refill paper stack when it’s out of paper 

System shall be able to stop 

System shall be easy to maintain 

System shall be easy to repair 

System shall be easy to restart after interruption 

System shall be able to stack more than one batch of leaflet 

 

Table 4.1.16 secondary functional requirements 

Functional requirements from secondary use cases 

System shall be difficult to overload 

System shall be precise, in the loading process 

System shall be easy to overlook and discover complications 

System shall contain a warning sign, to inform employees not to place objects 

close to the system 
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4.1.7 Finalizing originating requirements  

The table 4.1.17 shows the finalizing originating requirements, which will 

be used in the continuation of the design process.  

 

Table 4.1.17 Finalizing originating requirements 

 

 

  

Index Finalizing originating requirements Abstract function name 

OR 1. The system shall transport stacks of leaflets Transport 

OR 2. The system shall be safe to use Safe 

OR 3. The system shall be easy to observe Observe 

OR 4. The system shall be easy to maintain Maintain 

OR 5. The system shall be able to stop Stop 

OR 6. The system shall alert when paper is running low Alert 

OR 7. 
The system shall not be loaded with more stacks of 

leaflets then designed to 
Correct amount 

OR 8. The leaflets shall be loaded with precision  Precision 

OR 9. The system shall be calibrated correctly Calibrate 

OR 10. The system shall not be loaded with foreign objects Foreign objects 
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4.2 Measuring the need and set the targets 

4.2.1 Goal-question-metric 

The method of the GQM is to define goals and derive questions and metrics, 

from required goals. The following two tables (4.2.1, 4.2.2) show this 

process. 

 

Table 4.2.1 GQM analyzing the product objectives 

 Analyze For the 

purpose of 

With 

respect to 

From the 

perspective 

of 

In the 

context of 

Make a system 

capable of 

transporting a 

stack of paper 

System Improving Reliability Operator Inside the 

facility 

Make a system 

safe to use 

System Designing Safety Operator Inside the 

facility 

Make a system 

which is 

functional 

System Controlling Controlled Operator Inside the 

facility 

Make a system 

easy to maintain 

System Designing Reliability Operator Inside the 

facility 

Make a system 

which is 

ergonomically 

sound 

System Improving Reliability Operator Inside the 

facility 

 

These data is gathered from observations and interviews. Appendix 1 

interview with Mr. John Dowson. 
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Table 4.2.2 GQM method defining questions and the metrics to answer questions 

Goal Questions Ideal metric Approximate 

metric 

Data collection 

metric 

Make a system 

capable of 

transporting a 

stack of paper. 

What is the 

maximum number 

of leaflets? 

Find the 

biggest 

possible stack 

of leaflets and 

use this 

number. 

Take a stack of 

leaflets which 

have the 

weight of 2.5 

kg. 

Observations. 

How should the 

transport system 

be designed? 

Find a solution 

which gives the 

best comfort 

for the 

operator. 

No substitute. Observations. 

What are the right 

measurements? 

Find a solution 

which are as 

short as 

possible, but 

may include 

several stacks 

of leaflets. 

Use two stacks 

of leaflets and 

add 

approximately 

10 cm. 

Observations. 

Make a system 

safe to use. 

 

Is there a risk of 

cutting on sharp 

edges? 

No cutting. No substitute. Observations. 

Is there a risk of 

pinching? 

No pinching. No substitute. Observations. 

Is there any risk 

of muscle pain? 

No muscle 

pain. 

No substitute. Interview. 

Is there any risk 

for damaged 

hearing? 

No damaged 

hearing. 

No substitute. Interview. 

Is there any risk 

for damaged 

tissue due to 

pressure? 

No damaged 

tissue. 

No substitute Interview. 

Is there any other 

risks? 

No risk of other 

injuries. 

No substitute. Interview. 

Make a system 

which is 

functional. 

How will it 

function? 

No 

complications. 

No substitute. Observations. 

Make a system 

easy to maintain. 

Is it 

comprehensible? 

Easy to 

understand. 

No substitute. Observations. 

Make a system 

which is 

ergonomically 

sound 

Does it harm the 

operator? 

No injuries at 

all. 

No substitute. Interview  
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4.2.2Weighting the product objectives 

In the table 4.2.3 below the relative importance of the product objectives is 

found out. Each row will have a potential of 1, and this is divided amongst 

the objectives in each row. In the end each column is multiplied and the 

result shows the importance of each objective. 

 

Table 4.2.3 Weight the product objectives 

1 Make a system 

capable of 

transporting a stack 

of paper. 

Make 

a 

system 

safe to 

use. 

Make a system 

which is 

functional. 

Make a system 

which is 

ergonomically 

sound 

Other (repair, 

maintain, 

inexpensive) 
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3 0.5 0.5     

4  1    

5   0.4 0.6   

6    0.6 0.4  

7     1   

8      1  

9       1 

Formula 0.3*0.5 0.3*0.5 0.15*

1 

0.15*

0.4 

0.15*

0.6 

0.3*0.6 0.3*0.4 0.1*

0.3*

1 

0.1*

0.2*

1 

0.1*

0.5*

1 

Rounded 

result 
0.15 0.15 0.15 0.06 0.09 0.18 0.12 0.03 0.02 0.05 
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Table 4.2.4 indicates the priority and rank of the different objectives. 

 

Table 4.2.4 priority list of the product objectives 

4.2.3 Benchmarking 

IWK 

SC 5 / SI 5 

The biggest competitor to Norden Machinery AB is IWK. Their most 

similar machine to the NP1702 is the one called SC5/ SI 5. This machine has 

the same speed feature as NP1702; up to 200 cartons/minute*. An 

advantage, in comparison to NP1702, is that the paper folding feature is 

directed directly at the operator. As the picture clearly indicates, this way is 

more beneficial according to reachability. 

 

Figure 4.6 SC5/SI5 from IWK. (IWK, 2013) 

 

Product objective Relative 

priority 

Rank 

Make a system which do not harm the operator physically 0.18 1 

Make a system capable of transporting more than one stack of paper 0.15 2 

Make a system with high precision in regard to transportability 0.15 2 

Make a system safe in usage 0.15 2 

Make a system which do not harm the operator mentally 0.12 3 

Make a system which is easy to use 0.09 4 

Make a system which can easily be controlled by the operator 0.06 5 

Make a system that is as cheap as possible 0.05 6 

Make a system that is repairable 0.03 7 

Make a system which is easy to maintain 0.02 8 
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The functionality of the two different machines is almost identical: both of 

the machines have the same technical features and steps in the packaging 

process, and are also similarly designed. (IWK, 2013) 

CAM Automatic Machines 

HV1 

This is another competitor to Norden Machinery AB. The machine HV1 has 

a mechanical speed up to 400 strokes/ minute*. It works horizontally, and 

looks similar to the NP1702. The solution is better, according to the paper 

folding feature. As the picture displays, the paper folding unit is much more 

comfortable to reach, since the feature is on the same side as the operator. 

(Campackaging) 

 

Figure 4.7 HV1 from CAM. (Campackaging) 

 

Table 4.2.5 comparison between Norden Machinery AB and IWK. 

 

The values above are estimated. 

 

The equal speeds of the machines give both a value of 4. The reason for the 

better reachability of the SC5/ SI 5 is the GUKs direction; it is directed at 

the operator. The report writers consider the NP1702 design to be more 

attractive. The safety is identical because of the similar shapes and forms.  

Both of the machines have the same technical features and similar packaging 

processes, which gives them the same value at the functionality category. 

 

*All compared companies have bigger and faster machines, but the comparisons made are 

just the mid-size machines. 

 NP1702 SC5/ SI 5 

Functionality 4 4 

Reachability 2 4 

Design 4 3 

Safety 3 3 

Speed 4 4 
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Figure 4.8 Radar chart comparison between Norden Machinery AB and IWK 

 

The biggest competitors for Norden Machinery AB are IWK and therefore 

the report writers only included them in the comparison. They each have 

almost half the market and the other competitors are not on the same level as 

them. 

4.2.4 The house of quality 

The house of quality is a powerful tool when transforming customer needs 

and desires into technical terms. See appendix 2 the house of quality. 

Technical specifications derived from the QFD-house: 

o The design should be ergonomically sound. 

o Sensors are needed to make the system work properly. Alert the 

system when something is about to happen.  

o A storage or ability to load more than one stack of leaflets is 

desired. 

o There should be no sharp edges for people to cut them self on.  

o There must be a transportation system that moves a stack of 

leaflets from the loading point to the hopper. 

o If the system breaks, the spare parts needed for repairing should 

be of low cost and in stock. 

o If an error occurs, the alarm system must be activated. 

o The time between refilling the leaflets should be increased 

compared to the time it currently takes. 

o The material cost should be as low as possible without any 

declines in quality. 

o The manufacturing time should be as short as possible to reduce 

the costs. 

o The speed of the system should match the speed of the rest of the 

machine. 

0

1

2

3

4

5
Functionality

Reachability

DesignSafety

Speed

NP1702

SC5/ SI 5
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4.3 Explore the design space 

This section of the design process focuses on two main parts; discover 

relevant concepts and explore these concepts. When this part is done, several 

concepts will have been generated. 

4.3.1 Clarifying the problem and decompose the functions 

Figure 4.9 is a chart describing the whole process of loading the leaflets. 
 

 
Figure 4.9 Flow chart clarifying the problem 
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4.3.2 Brainstorming 

During a brainstorm session every idea is valid, both sensible ideas as well 

as weak ones. One idea can lead to another, this is why everything should be 

written down and taken into consideration. Figure 4.10 shows parts of the 

brainstorming session. 

The ideas from this brainstorming session will be presented in a list below 

and explained further in table 4.3.1. 
 

 
Figure 4.10 Brainstorming 

 

 Operator uses hands to control the system 

 Operator uses a remote control to control the system 

 Operator uses proceed button to control the system 

 A gantry is used to transport the leaflets 

 A ramp is used to transport the leaflets 

 A traverse is used to transport the leaflets 

 A shear arm is used in the transportation process 

 A wheel is used in the transportation process 

 A hook is used in the transportation process 

 A tower is used in the transportation process 

 A “forklift” device is used to unload the leaflets 

 A magnet is used in the leaflet unloading process 

 A funnel is used in the leaflet unloading process 

 A compressed air cylinder is used to transport the leaflets 

 A stop button is used to as an emergency stop function 

 A alarm signal is used to indicate failure 

 Sensors are used to control the automatic functions of the system 
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The table below shows different attributes that could be included in the concepts.  

Table 4.3.1 Morphological chart (The figures will have their references in the reference list “morphological chart” in chapter 7.) 

                                Solutions 
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u
b
 f

u
n
ct
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n
s 

 

 

 

Handle 

 

 

 

Transporta

tion 

 

 

 

Additional 

supplies 

 

 

 

Alarm 

system 

 

 

 

Sensor 

Hand Remote 

Proceed 

button 

    

Gantry Ramp 
 

Traverse Shear arm 
Wheel Hook Tower 

Fork Magnet Funnel 

Compressed 

air cylinder Hydraulic arm 

  

Stop button Alarm signal 

     

Sensors 
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4.3.3 Combine concept fragments  

Table 4.3.2 combining the concept fragments (The figures will have their references in the reference list “morphological chart” in chapter 7.) 

                                Solutions 
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tion 

 

 

 

 

 

Additional 

supplies 

 

 

 

Alarm 

system 

 

 

 

Sensor 

Hand 
 

Remote 

 
Proceed 

button 

    

Gantry 

 
 

Ramp 

 
Travers  

Shear arm 

 
Wheel  

Hook Tower 

 
“Forklift” 

 

 
Magnet 

 
Funnel 

 
Compressed 

air cylinder 

 

 
Hydraulic arm 

  

Stop button Alarm signal 

     

 
Sensors 
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4.3.3 Generating integrated concepts 

From table 4.3.2 three different concepts have been discovered, red, blue 

and orange. A description of each follows below. 

 

 
 

 

 
Figure 4.11 quick sketch of the red concept 

Concept one, the red concept. 

 Concept one will follow the red line and be named “remote controlled 

travers”.  

 The system will contain a remote control to handle the traverse. 

 The operator attaches the stack of leaflets to the hook and pushes a button on 

the remote control to transport the stack to the GUK part 

 The leaflets are connected to the hook by the leaflet wrap. 

 It is somehow inadequate in the leaflets-to-GUK process. 
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Figure 4.12 quick sketch of the orange concept 

Concept two the orange concept. 

 Concept two will follow the orange line and be named “tower gantry”. 

 The operator places several stacks of leaflets in the tower which are connected 

to the gantry. 

 This feature decreases the surveillance for the operator, because of the 

additional leaflets. 

 The tower is attached to the gantry by movable wheels which the operator 

hauls to the GUK. 

 The GUK needs to be rebuilt, to remove the angles. The feature needs the 

GUK to be straight to work.  

 The leaflet stack placed in the bottom floor in the tower is released into the 

GUK one the stack there is running low. 

 The stacks placed above the bottom one then drops one floor, and the process 

is repeated until the tower is empty. 

 The system has a sensor which informs the operator when the number of 

leaflets is getting low.  
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Figure 4.13 quick sketch of the blue concept  

Concept three, the blue concept. 

 Concept three will follow the blue line and be named “compressed air 

cylinder”. 

 It contains a compressed air telescope cylinder arm and a “forklift” type of 

delivery system. 

 The leaflets is loaded on to the fork which is connected to the telescope 

cylinder. 

 A sensor in the GUK feature sends a signal that the leaflet count is running low 

and the telescope arm starts to transport the new leaflet stack. 

 The same sensor tells the noise reducing lid to open. This is opened by a similar 

compressed air cylinder as the cylinder arm, and sensing when the forklift 

approaches the GUK. 

 The pin closest to the telescope arm will bow as the fork enters the receptacle. 

 The fork is now precisely over the receptacle and the pin will rise again 

between the forks. Hence keeping the leaflets in the receptacle when the 

telescope arm starts turning back. 

 A sensor on the fork send a signal to the system if there is not any new stacks 

placed in the fork. A flashing warning light will turn on to tell the operator to 

refill the leaflets. 

 The warning signal will also turn on when a problem occurs in the machine e.g. 

a leaflet get stuck and obstructs the machine form working properly.  

 The KBHB14 contains forks in different sizes to accommodate for different 

leaflet sizes. These are screwed by standard bolts on to the telescope arm and 

are easy to detach.  
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4.3.4 Identifying subsystems  

The table 4.3.3 shows the different subsystems and explain them further. 

The first row is the name of the subsystem. The second is a short description 

of each subsystem and the last is features that could be included. 

 

Table 4.3.3 Identifying subsystems 

Initial 

handling 

Transportation Delivery 

system 

GUK Alarm 

system 

Sensor 

The 

handling 

lets the 

operator 

control the 

system. It 

is either 

done 

directly by 

the 

operator 

or it is 

automatic. 

The 

transportation 

shall transport 

the leaflets to 

the GUK 

The 

delivery 

system 

puts the 

leaflets 

into the 

GUK 

The GUK 

receives the 

leaflets and 

folds them for 

further 

transportation 

The alarm 

system shall 

inform the 

operator 

that the 

leaflets are 

running low 

and when 

the stack of 

leaflets is 

empty 

The sensor 

is connected 

to the alarm 

systems and 

is telling the 

alarm to go 

off. 

Hand Gantry Wheel Pins Alarm Sensor 

Remote 

control 

Compressed air 

cylinder 

Hook Noise reducing 

lid 

Button Computer 

Proceed 

button 

Ramp Magnet  Flashing 

light 

 

Automatic Travers Funnel  Siren   

 Hydraulic arm “Fork”  Computer  

  Tower    
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4.4 Optimizing design choices  

4.4.1 Identifying the alternative design concepts 

The report includes the following concepts 

o 1. Red remote controlled travers 

o 2. Orange tower gantry 

o 3. Blue compressed air cylinder 

These concepts are to be compared. After the comparison the most suitable 

concept is selected and rated as the most suitable one to utilize. 

4.4.2 Identifying the relevant attributes 

The table shows the goals for the different concepts and will be matched 

against each other. The attributes are named after the goals. 
 

Table 4.4.1 Design attributes 

Goal Attribute name 

Make the solution safe Safety 

Make the solution reliable Reliability 

Make the solution easy to use Easy to use 

Make the solution easy to repair Easy to repair 

Make the solution ergonomically sound Ergonomically sound 

Make a solution with good precision in respect to 

loading the leaflets into the GUK 

Precision 

Make the solution easy to control Easy to control 

Make a solution with a proper transportability Proper transportability 
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4.4.3 Performing the initial screening of alternatives 

The table indicates the different solutions and which of these are to be 

selected.  

The “current method” is the concept which is used this present day and is 

included in the table as a reference. These weights are not tested and are 

therefore estimated. 

 

Table 4.4.2 the performing the initial screening of alternatives 

Attribute name Red 

concept 

Orange 

concept 

Blue 

concept 

Current 

method 

Safety - 0 1 0 

Reliability 0 1 0 0 

Easy to use 1 1 1 0 

Easy to repair 0 0 0 0 

Ergonomically 

sound 

1 1 1 0 

Precision - 0 1 0 

Easy to control 1 0 1 0 

Proper 

transportability 

1 1 1 0 

Total 2 4 6 Reference 

 

 

The red concept has a negative marking in safety, because of the risks with 

traverses in general. It is given three “0”, because of the reliability, easy to 

repair also get “0”. However, it has a proper transportability, is easy to use 

and control, according to the remote control, ergonomically gentle because 

of the traverse which lift the stacks of leaflets. The precision gets a negative 

mark because it can be difficult to get the needed precision with a traverse. 

 

The orange concept is neither safe nor unsafe, no hook hanging above the 

head. It isn’t as easy to use and control, as the red concept, because it is 

handled by hand and doesn’t include a remote control. It is however reliable 

and has a proper transportability, when the operator hauls the tower to the 

GUK. It also looks good and the design is intelligent, because of the tower 

feature. 

 

The blue concept is the most favorable. It has no negative aspect, and only 

involve two “0”. The design might be questioned, is there going to be any 

bending when the telescope arm is at full length? The other aspects are 

splendid, since they are safe and easy to use. It provides sound ergonomics 

and a proper transportability because of the telescope pushing arm. 
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4.4.4 Rating the alternatives in each attribute 

The table gives explanations to the different ratings which will be used in 

the next table. The ranks to be used are 1-5. 

 

Table 4.4.3 rating the alternatives in each attribute 

Rating scheme relative to the reference alternative 

Relative performance Rating 

Much worse than the reference alternative 1 

Worse than the reference alternative 2 

The same like the reference alternative 3 

Better than the reference alternative 4 

Much better than the reference alternative 5 

 

Table 4.4.4 gives the reader a more detailed picture of the different concepts 

and their ratings. 

 

Table 4.4.4 Design concept rating 

 

 

 

 

 

 

 

 

 

 

 

 

  

Design concept rating 

Attribute name Red concept Orange concept Blue 

concept 

Safety 1 3 4 

Reliability 3 4 3 

Easy to use 4 4 4 

Easy to repair 3 3 3 

Ergonomically sound 4 4 5 

Precision 3 3 5 

Easy to control 4 3 4 

Proper transportability 4 4 4 
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4.4.5 Weighting the attributes 

The zero, plus and minus is now replaced with a more specific scale. Now 

the design alternatives are less abstract. Each attribute is given a number 

between 0-1 according to how important they are. However the total sum 

cannot be over 1. 
 

Table 4.4.5 Design concept rating 

Attribute name Weights 

Safety 0.1 

Reliability 0.15 

Easy to use 0.15 

Easy to repair 0.02 

Ergonomically sound 0.2 

Precision 0.13 

Easy to control 0.1 

Proper transportability 0.15 

Total 1 

4.4.6 Scoring and ranking the alternatives 

The four concepts are scored and ranked by the weight times the rank from 

the design concept rating. The conclusion drawn from the table is that the 

“blue concept” is the one to continue to develop.  

 

Table 4.4.6 Scoring and ranking the alternatives 

 

  

Design concept rating 

Attribute name Weight Red 

concept 

Weighted 

score 

Orange 

concept 

Weighted 

score 

Blue 

concept 

Weighted 

score 

Safety 0.1 1 0,1 3 0,3 4 0,4 

Reliability 0.15 3 0,45 4 0,6 3 0,45 

Easy to use 0.15 4 0,6 4 0,6 4 0,6 

Easy to repair 0.02 3 0,06 3 0,06 3 0,06 

Ergonomically 

sound 
0.2 4 0,8 4 0,8 5 1,0 

Precision 0.13 3 0,39 3 0,39 5 0,65 

Easy to control 0.1 4 0,4 3 0,3 4 0,4 

Proper 

transportability 
0.15 4 0,6 4 0,6 4 0,6 

Total  3,4  3,65  4,16 

Rank  3  2  1 

Continue  NO  NO  Develop 
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4.5 Developing the architecture 

In this chapter thorough analyses of the system will be performed. Even more 

analyses of the KBHB14 is located in appendix 6 and 7. 

4.5.1 Operational description template (ODT) 

The tables below (4.5.1-4.5.8) demonstrate several actions in different 

situations and are called Operational Description Templates. 

These are regular situations which may occur in an ordinary work day. 

 

Table 4.5.1 the operator uses the KBHB14 

Operator uses KBHB14 

Initial condition: 

Operator position a stack of leaflets to the KBHB14 

 Machine 

Operator Machine Initial 
handling 

Transport

ation 

Delivery 

system 
GUK Alarm 

system 

Sensor 

 Doesn’t 

run 
      

Positions the 

leaflets to the 

transportation 

       

Turns on the 

machine 

       

 Runs  Runs Runs Runs Runs Runs 

 

Table 4.5.2 the operator initiates the KBHB14 

KBHB14 is initiated 

Initial condition: 

Operator initiates the KBHB14 

 Machine 

Operator Machine Initial 
handling 

Transport

ation 

Delivery 

system 
GUK Alarm 

system 

Sensor 

 Doesn’t 

run 
Doesn’t 
run 

Doesn’t 
run 

Doesn’t 
run 

Doesn’
t run 

Doesn’t 
run 

Doesn’t 
run 

Initiates the 

machine 

       

 Starts Starts Starts Starts Starts Starts Starts 
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Table 4.5.3 KBHB14 runs flawless 

KBHB14 is running 

Initial condition: 

KBHB14 runs flawless 

 Machine 

Operator Machine Initial 
handling 

Transport

ation 

Delivery 

system 
GUK Alarm 

system 

Sensor 

 Runs Runs      

   Transport
s leaflets 

Delivers 
leaflets 

Folds 
leaflet
s 

  

       Runs 

 

Table 4.5.4 KBHB14 is close to run out of leaflets 

KBHB14 is running 

Initial condition: 

KBHB14 is close to run out of leaflets 

 Machine 

Operator Machine Initial 
handling 

Transport

ation 

Delivery 

system 
GUK Alarm 

system 

Sensor 

       Perceives 

that 

leaflets is 

running 

low 

 Runs Runs  Runs Runs Runs  Goes off  

Observes the 
machine 

       

Turns off the 

alarm 

       

Refills the 

leaflets 
       

Restarts the 

KBHB14 
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Table 4.5.5 KBHB14 gets stuck 

KBHB14 is running 

Initial condition: 

Leaflets in the KBHB14 gets stuck 

 Machine 

Operator Machine Initial 
handling 

Transport

ation 

Delivery 

system 
GUK Alarm 

system 

Sensor 

       Perceives 

that leaflets 

is stuck 

      Goes off  

 Stops Stops Stops Stops Stops   

Fixes the jam 
and restarts 
the machine 

       

 

Table 4.5.6 Leaflets in the KBHB14 is not positioned correctly 

KBHB14 is running 

Initial condition: 

Leaflets in the KBHB14 is not positioned correctly 

 Machine 

Operator Machine Initial 

handling 

Transport

ation 

Delivery 

system 

GUK Alarm 

system 

Sensor 

       Perceives 

wrongly 

placed 

leaflets 

      Goes off  

 Stops Stops Stops Stops    

Observes the 

KBHB14 

       

Turns off the 

alarm 

       

Removes the 

misplaced 

leaflets 

       

Restarts the 

KBHB14 
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Table 4.5.7 KBHB14 encounters an unknown problem 

KBHB14 is running 

Initial condition: 

KBHB14 encounters an unknown problem 

 Machine 

Operator Machine Initial 
handling 

Transport

ation 

Delivery 

system 
GUK Alarm 

system 

Sensor 

       Perceives 

an urgent 

matter 

      Goes off  

 Stops Stops Stops Stops Stops   

Observes the 

KBHB14 

       

Turns off the 

alarm 
       

Finds and 
solves the 

problem 

       

Restarts the 

KBHB14 
       

 

Table 4.5.8 KBHB14 encounters an unknown complication 

KBHB14 is running 

Initial condition: 

KBHB14 encounters an unknown complication 

 Machine 

Operator Machine Initial 
handling 

Transport

ation 

Delivery 

system 
GUK Alarm 

system 

Sensor 

       Perceives 

an urgent 

matter 

      Goes off  

 Stops Stops Stops Stops    

Observes the 

KBHB14 

       

Turns off the 

alarm 
       

Finds no 

problem 
       

Restarts the 

KBHB14 
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4.5.2 Identifying interfaces and system states and set target for behaviors  

The tables below (4.5.9-4.5.15) indicate the same matters as the previous 

ones, but on a more detailed level. It also includes a section of how long 

time every concern will take. 

 

Table 4.5.9 the operator uses the KBHB14 

Operator uses KBHB14 

Initial condition: 

Operator position a stack of leaflets to the KBHB14 

 Machine 

Operator Machine Initial handling Transport

ation 
Delivery 
system 

Alarm 

system 
GUK Sensor Timing 

 Doesn’t 

run 

      2
 m

in
u

tes 

Scoops a 

stack of 

leaflets 

from the 

leaflet box 

       

Positions 

the leaflets 

to the 

transportati

on 

      Detects 

the new 

stack of 

leaflets 

Pushes the 

start button 

       

Turns on 

the 

machine 

       

 Runs Runs Runs Runs  Runs   
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Table 4.5.10 the operator initiates the KBHB14 

Operator uses KBHB14 

Initial condition: 

Operator initiates the KBHB14 

 Machine 

Operator Machine Initial handling Transport

ation 
Delivery 
system 

Alarm 

system 
GUK Sensor Timing 

 Doesn’t 

run 

      2
 m

in
u

tes 

Pushes the 

start button 

       

Initiates 

the 

KBHB14 

       

 Runs Runs Runs Runs  Runs   

 

 

Table 4.5.11 KBHB14 runs flawless 

Operator uses KBHB14 

Initial condition: 

KBHB14 runs flawless 

 Machine 

Operator Machine Initial handling Transport

ation 
Delivery 
system 

Alarm 

system 
GUK Sensor Timing 

 Runs       0
 m

in
u
tes 

   Transport

s leaflets 

Transport

s leaflets 
   

  Runs   Runs Runs Runs  
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Table 4.5.12 KBHB14 is close to run out of leaflets 

Operator uses KBHB14 

Initial condition: 

KBHB14 is close to run out of leaflets 

 Machine 

Operator Machine Initial handling Transport

ation 
Delivery 
system 

Alarm 

system 
GUK Sensor Timing 

 Doesn’t 

run 

     Perceives 

that 

leaflets is 

running 

low 

2
 m

in
u

tes 

       The 

sensor 

transmits 

a 

warning 

to the 

alarm 

system 

 Runs Runs Runs Runs Alarm 

goes 

off 

Runs  

Observes 

the 

machine 

       

Pushes the 

stop button 
       

Turns off 

the alarm 
       

Refills the 

leaflets 

       

Pushes the 

start button 
       

Restarts 

the 

KBHB14 
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Table 4.5.13 Leaflets in the KBHB14 gets stuck 
Operator uses KBHB14 

Initial condition: 

Leaflets in the KBHB14 gets stuck 

 Machine 

Operator Machine Initial handling Transporta

tion 
Delivery 
system 

Alarm 

system 
GUK Sensor Timing 

       Perceives 

wrongly 

placed 

leaflets 

2
 m

in
u

tes 

 Stops  Stops Stops  Stops Transmits 

a warning 

to the 

alarm 

system 

Observes 

the 

KBHB14 

    Goes 

off 
  

Pushes the 

stop button 
       

Turns off 

the alarm 
       

Locates the 

misplaced 

leaflets 

       

Removes 

the 

misplaced 

leaflets 

       

Pushes the 

start button 
       

Restarts the 

KBHB14 
       

 Starts Starts Starts Starts  Starts  

 KBHB14 

runs 
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Table 4.5.14 KBHB14 encounters an unknown problem 

Operator uses KBHB14 

Initial condition: 

KBHB14 encounters an unknown problem 

 Machine 

Operator Machine Initial handling Transport

ation 
Delivery 
system 

Alarm 

system 
GUK Sensor Timing 

       Sensor 

perceives 

wrongly 

placed 

leaflets 

1
-30

 m
in

u
tes 

       Transmits 

a warning 

to the 

alarm 

system 

     Alarm 

goes 

off 

  

 Stops  Stops Stops  Stops  

Observes 

the 

KBHB14 

       

Pushes the 

stop button 
       

Turns off 

the alarm 
       

Finds the 

problem 
       

Acquire the 

desired 

tools to 

solve the 

problem 

       

Solves the 

problem 
       

Pushes the 

start button 
       

Restarts the 

KBHB14 
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Table 4.5.15 KBHB14 encounters an unknown problem 

Operator uses KBHB14 

Initial condition: 

KBHB14 encounters an unknown complication 

 Machine 

Operator Machine Initial handling Transport

ation 
Delivery 
system 

Alarm 

system 
GUK Sensor Timing 

       Perceives 

an urgent 

matter 

1
-30

 m
in

u
tes 

       Transmits 

a warning 

to the 

alarm 

system 

     Alarm 

goes 

off 

  

 Stops  Stops Stops  Stops  

Observes 

the 

KBHB14 

       

Pushes the 

stop button 
       

Turns off 

the alarm 
       

Finds no 

problem 
       

Pushes the 

start button 
       

Restarts 

the 

KBHB14 

       

  



  
 

 

 

62 

Hannes Borg, Kim Bergström 

4.5.3 Extracting and tracing derived requirements 

The table shows the derived functional requirements and the suitable 

function name. These requirements are derived from the ODTs (table 4.5.9- 

4.5.15). 

 

Table 4.5.16 Extracting and tracing derived requirements 
Index Derived functional requirement Function name Affected originating 

requirement 

Dr.1 Operator plans to use the machine for 

the desired number of cartons to fill 

Planning to fill 

cartons 

OR.1, OR.2, OR.3, OR.4, OR. 

7, OR.9, OR.10 

Dr.2 Operator places leaflets on the fork Places leaflets OR.1 OR.2, OR.3, OR.5, OR. 

7, OR.8, OR.9, OR.10 

Dr.3 Operator pushes the start button Pushes the start 

button 

OR.1, OR.4, OR.5, OR. 7, 

OR.9 

Dr.4 A stack of leaflets are transported to 

the GUK 

Transports OR.1, OR.2, OR.3, OR. 7, 

OR.9, OR.10 

Dr.5 The pin directed towards the stack of 

leaflets are bowing 

Pin bows OR.1 OR.2, OR.3, OR.5, OR. 

7, OR.8, OR.9, OR.10 

Dr.6 Alarm system receives information 

from the sensor 

Alarm system 

receives information 

OR.2, OR.3, OR.4, OR. 5, 

OR.6, OR.7, OR.8, OR.9 

Dr.7 A sensor sends information to the 

alarm system that leaflets is getting low 

Sensor sends 

information 

OR.1, OR.2, OR.4, OR.6, 

OR.7, OR.9 

Dr.8 Operator refills the leaflets Refills OR.1, OR.3, OR.4, OR.6, 

OR.7, OR.8, OR.9, OR.10 

Dr.9 Machine continues to run Continues OR.1, OR.2, OR.3, OR.6, OR. 

7, OR.8, OR.9, OR.10 

Dr.10 Sensor detects a problem and sends 

information to the alarm system 

Detects OR.1, OR.2, OR.4, OR.5, 

OR.6, OR. 7, OR.8 

Dr.11 Alarm system goes off Alarm goes off OR.2, OR.3, OR.4, OR.5, 

OR.6, OR. 7, OR.8, OR.10 

Dr.12 Operator receives the information 

about a complication from the alarm 

system 

Receives information 

about complication 

OR.3, OR.4, OR.5, OR.6, OR. 

8, OR.10 

Dr.13 Operator notice that leaflets is wrongly 

placed in the GUK 

Wrongly placed 

leaflets 

OR.1, OR.3, OR.4, OR.5, 

OR.7, OR.8, OR.9, OR.10 

Dr.14 Operator positions the leaflets right Leaflets are 

positioned right 

OR.1, OR.3, OR.5, OR.7, 

OR.8, OR.9, OR.10 

Dr.15 Sensor detects that the leaflets is in the 

right place 

Sensor receives new 

information 

OR.1, OR.2, OR.3, OR. 7, 

OR.9, OR.10 

Dr.16 All the sub steps are in good condition 

and running flawless 

Machine is running OR.1, OR.2, OR.3, OR.4, 

OR.5, OR.6, OR. 7, OR.8, 

OR.9, OR.10 
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The table indicates the links between the different situations of every task. 

The ORs are the originating requirements, which were taken from table 

4.1.17 

Table 4.5.17 Requirement trace matrix 

Requirement 

trace matrix 
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OR.1 OR.2 OR.3 OR.4 OR.5 OR.6 OR.7 OR.8 OR.9 OR.10 
Operator plans to 
use the machine for 

the desired number 

of cartons to fill 

Dr.1 X X X X   X  X X 

Operator places 
leaflets on the fork 

Dr.2 X X X  X  X X X X 

Operator pushes the 

start button 
Dr.3 X   X X  X  X  

A stack of leaflets 
are transported to 

the GUK 

Dr.4 X X X    X  X X 

A pin in the 
direction pointed 

towards the stack of 

leaflets is bowing 

Dr.5 X X X  X  X X X X 

Alarm system 

receives information 

from the sensor 

Dr.6  X X X X X X X X  

A sensor sends 
information to the 

alarm system that 

leaflets is getting 
low 

Dr.7 X X  X  X X  X  

Operator refills the 

leaflets 
Dr.8 X  X X  X X X X X 

Machine continues 
to run 

Dr.9 X X X   X X X X X 

Sensor detects a 

problem and sends 
information to the 

alarm system 

Dr.1

0 

X X  X X X X X   

Alarm system goes 

off 
Dr.1

1 

 X X X X X X X  X 

Operator receives 

the information 
about a 

complication from 

the alarm system 

Dr.1

2 

  X X X X  X  X 

Operator notice that 
leaflets is wrongly 

placed in the GUK 

Dr.1

3 

X  X X X  X X X X 

Operator positions 
the leaflets right 

Dr.1

4 

X  X  X  X X X X 

Sensor detects that 
the leaflets is in the 

right place 

Dr.1

5 

X X X    X X X  

All the sub steps are 

in good condition 
and running 

flawless 

Dr.1

6 

X X X X X X X X X X 
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4.5.4 Identifying interfaces and finalizing subsystems 

Table 4.5.18 indicates the different relations between the subsystems. It is 

read from left and up, i.e. the Operator Supervise the Machine. 

 

Table 4.5.18 design structure matrix 
Relate 

subsystem to 

Operator Machine Initial 

handling 

Transportation Delivery 

system 

GUK Alarm 

system 

Sensor 

Operator  Supervise Supervise Maintain Refills  Turns off Observe 

Machine         

Initial handling  Part of  Initiates     

Transportation  Part of Part of  Moves    

Delivery system  Part of  Part of  Refills   

GUK  Part of       

Alarm system Informs Part of       

Sensor  Part of Surveil Surveil Surveil Surveil Informs  

4.5.5 Documenting links between subsystems 

Table 4.5.19 displays how the different parts are connected in relation to 

each other. It is read from left and up, i.e. the Machine has a mechanical 

connection with the delivery system. 
 

Table 4.5.19 link matrix 

  

Relate 

subsystem to 

Operator Machine Initial 

handling 

Transportation Delivery 

system 

GUK Alarm 

system 

Sensor 

Operator         

Machine     Mechanical 

connection 

Mechanical 

connection 

 Mechanical 

connection 

Initial 

handling 

 Mechanical 

connection 

      

Transportation  Mechanical 

connection 

      

Delivery 

system 

       Mechanical 

connection 

GUK        Mechanical 

connection 

Alarm system  Mechanical 

connection 

      

Sensor    Mechanical 

connection 

  Mechanical 

connection 
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4.6 Validating the design 

4.6.1 Conducting design reviews  

The table displays several considerations which are verified. The ones which 

aren’t yet done are marked “To be done”, while the confirmed regards are 

marked “Check”. 

 

Table 4.6.1 Design reviews 

To regard Confirmation 

Use case behaviors Check 

Functional requirements Check 

Voice of the customer Check 

Competitive analysis Check 

House of quality Check 

Customer value proposition Check 

Major design alternatives Check 

Integrated product concept Check 

Pugh analysis of major design decisions Check 

Operational description templates Check 

Functional interrelationship matrix Check 

State change matrix Check 

Interface, link and interaction matrices Check 

Test plan To be done 

Failure modes and effect analysis To be done 

Project development schedule To be done 

4.6.2 Developing the test plan 

The table developing the test plan, in appendix 3, indicates the expected 

result for each test. The timing indicates the amount of time for each test and 

how the system state is during it. Since the company hasn’t actually used the 

KBHB14 yet, the actual result cannot be confirmed. 
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4.6.3 Behavioral test plan 

The table demonstrates the test plan according to how the KBHB14 behaves 

in different instances. These tests should be performed in an early stage, to 

discover flaws in the system. 

 

Table 4.6.2 behavioral test plan 

Test number Test method Test facilities Entry conditions Exit conditions 

TP.1 Test procedure: the 

operator turns on the 

KBHB14 

 Completed prototype The KBHB14 is 

upstarted and running 

TP.2 Test procedure: the 

operator places the 

leaflets on the ramp 

 Completed prototype The leaflets are placed 

on the ramp 

TP.3 Test procedure: the 

operator adjusts the 

KBHB14 to a new 

size of the leaflets 

Adjustable pins Completed prototype The KBHB14 are 

adjusted to the new 

leaflets 

TP.4 Test procedure: the 

leaflets are placed in 

the GUK properly 

 Completed prototype A stack of leaflets are 

in the correct place in 

the GUK 

TP.5 Test procedure: 

KBHB14 is refilled 

with leaflets 

 Completed prototype A new stack of 

leaflets are placed in 

the GUK 

TP.6 Test procedure: the 

operator clear up 

stuck leaflets in the 

GUK 

 Completed prototype The KBHB14 is 

running smoothly 

TP.7 Test procedure: the 

alarm system detects a 

problem 

 Completed prototype The KBHB14 is 

having a problem 

TP.8 Test procedure: the 

sensor and alarm 

system is transmitting 

information between 

each other 

 Completed prototype The KBHB14 is 

operating as planned 

TP.9 Test procedure: the 

KBHB14 is running 

without any 

interruption 

 Completed prototype The KBHB14 is 

running smoothly 
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4.6.4 Non- behavioral test plan 

The table demonstrates the test plan to more abstract testing methods of how 

the KBHB14 operates 
 

Table 4.6.3 non- behavioral test plan 

 

 

  

Index Finalized 

originating 

requirements 

Abstract 

name 

Test 

no. 

Test 

method 

Verification 

method 

Test 

facilities 

Entry 

condition 

Exit 

condition 

OR.11 The KBHB14 

shall be as self-

acting as possible 

Self-acting TP.10 Observation  None Completed 

prototype 

Observed 

KBHB14 is 

self-acting 

when leaflets 

are placed 

OR.12 The system shall 

have an alarm 

system which 

indicates 

complications 

Alarm 

system 

TP.11 Observation  None Complete 

prototype 

The alarm 

sets off when 

required 

OR.13 The system shall 

be reliable 

Reliable TP.12 Observation  None Completed 

prototype 

The leaflets 

are properly 

placed in the 

GUK 

OR.14 The KBHB14 

shall have a long 

lifetime 

Lifetime TP.13 Observation  None Final product The 

KBHB14 

has a 

satisfying 

lifetime 

OR.15 The KBHB14 

shall be able to 

operate at both 

day and night 

shifts 

Shifts TP.14 Observation  None Completed 

prototype 

The 

KBHB14 

operates at 

both nights 

and days 

OR.16 The system shall 

accomplish 

desired speeds up 

to 200 

cartons/minute 

Speed TP.15 Observation  None Completed 

prototype 

The working 

speed of the 

KBHB14 are 

adjusted 

OR.17 The KBHB14 

shall be safe to use 

Safe TP.16 Observation  None Complete 

prototype 

The 

KBHB14 

isn’t harmful 

to the 

operator 

OR.18 The KBHB14 

shall be easy to 

use 

Easy TP.17 Observation  None Complete 

prototype 

The 

KBHB14 is 

easy to 

understand 

and work 

with 
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4.6.5. Tracing test procedures to originating requirements 

The table demonstrates all the derived functions and how they are tested in 

accordance to the behavioral test plan.  

 

Table 4.6.4 tracing test procedures to originating requirements 

Derived from originating 

requirements 

Index Derived functional 

requirement 

Function name Test 

procedure 
OR.1, OR.2, OR.3, OR.4, OR. 7, OR.9, 

OR.10 

DR.1 Operator plans to use 

the machine for the 

desired number of 

cartons to fill 

Planning to use the 

machine 

TP.1 

OR.1 OR.2, OR.3, OR.5, OR. 7, OR.8, 

OR.9, OR.10 

DR.2 Operator places leaflets 

on the fork 

Placing leaflets on 

the fork 

TP.2 

OR.1, OR.4, OR.5, OR. 7, OR.9 DR.3 Operator pushes the 

start button 

Pushing the start 

button 

TP.1 

OR.1, OR.2, OR.3, OR. 7, OR.9, 

OR.10 

DR.4 A stack of leaflets are 

transported to the GUK 

Leaflets transported 

to GUK 

TP.5 

OR.1 OR.2, OR.3, OR.5, OR. 7, OR.8, 

OR.9, OR.10 

DR.5 A pin in the direction 

pointed towards the 

stack of leaflets are 

bowing 

Pin TP.5 

OR.2, OR.3, OR.4, OR. 5, OR.6, OR.7, 

OR.8, OR.9 

DR.6 Alarm system receives 

information from the 

sensor 

Alarm system 

receiving 

information 

TP.7 

OR.1, OR.2, OR.4, OR.6, OR.7, OR.9 DR.7 A sensor sends 

information to the 

alarm system that 

leaflets is getting low 

Sensor sends 

information 

TP.7, TP.8 

OR.1, OR.3, OR.4, OR.6, OR.7, OR.8, 

OR.9, OR.10 

DR.8 Operator refills the 

leaflets 

Refilling leaflets TP.3, TP.4, TP.5 

OR.1, OR.2, OR.3, OR.6, OR. 7, OR.8, 

OR.9, OR.10 

DR.9 Machine continues to 

run 

Continuing TP.9 

OR.1, OR.2, OR.4, OR.5, OR.6, OR. 7, 

OR.8 

DR.10 Sensor detects a 

problem and sends 

information to the 

alarm system 

Sensor detecting 

problem 

TP.6, TP.8 

OR.2, OR.3, OR.4, OR.5, OR.6, OR. 7, 

OR.8, OR.10 

DR.11 Alarm system goes off Alarm set off TP.8 

OR.3, OR.4, OR.5, OR.6, OR. 8, 

OR.10 

DR.12 Operator receives the 

information about a 

complication from the 

alarm system 

Receiving 

information 

TP.7, TP.8 

OR.1, OR.3, OR.4, OR.5, OR.7, OR.8, 

OR.9, OR.10 

DR.13 Operator notice that 

leaflets is wrongly 

placed in the GUK 

Noticing wrongly 

leaflets 

TP.2, TP.3, TP.7 

OR.1, OR.3, OR.5, OR.7, OR.8, OR.9, 

OR.10 

DR.14 Operator positions the 

leaflets right 

Positioning leaflets 

right 

TP.6 

OR.1, OR.2, OR.3, OR. 7, OR.9, 

OR.10 

DR.15 Sensor detects that the 

leaflets is in the right 

place 

Sensor detecting 

leaflets 

TP.8 

OR.1, OR.2, OR.3, OR.4, OR.5, OR.6, 

OR. 7, OR.8, OR.9, OR.10 

DR.16 All the sub steps are in 

good condition and 

running flawless 

System running 

flawless 

TP.9 
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4.6.6 Managing risks 

Table 4.6.5 reflects the different steps required to perform a FMECA- 

analysis. It provides an overview of the different component functions and 

analyses possible failures. 

 

Table 4.6.5 managing risks 
Part nr Component Function Possible 

failure 

Failure 

effect 

Failure reason Corrective action a) 

Design process b) 

Operation 

1 GUK Folds and 

transports the 

leaflets to the 

cartooning part 

Leaflets gets 

stuck in the 

GUK 

Alarm goes 

off 

The stack of 

leaflets are 

overturned 

a) Redesign the angle 

of the GUK 

2 Sensors Locates 

complications in 

the system 

Fail to detect 

when leaflets 

is running low 

System 

may run 

out of 

leaflets 

Lens may be 

covered by dirt, 

cables may be 

loose 

b) Daily maintenance 

needed 

   Miss out to 

detect when a 

new stack of 

leaflets is 

transported to 

the GUK  

System 

assume that 

leaflets are 

getting low 

Lens may be 

covered by dirt, 

cables may be 

loose 

b) Daily maintenance 

needed 

3 Alarm system Informs the 

operator when a 

problem is 

occurring 

Signal lamp is 

out of order 

Operator 

doesn’t 

notice a 

problem 

The signal lamp 

is old, the lamp 

got smashed 

during a 

process, poor 

maintenance 

b) Replace the signal 

lamp with a new one 

   Signal lamp is 

to dirty to 

notice 

Operator 

doesn’t 

notice a 

problem 

The signal lamp 

is covered by 

dirt 

b) Clean the signal 

lamp on a regular 

basis 

4 Fork Keep leaflets in 

place during 

transportation 

Gets stuck Leaflets 

cannot be 

delivered 

to the GUK 

Operator forgot 

to switch the 

size of the fork 

b) Switch to correct 

size of the fork and 

check for damages on 

the GUK pins 

   Overturn a 

stack of 

leaflets 

Leaflets are 

dispersed 

to improper 

positions  

Instant stop b) Avoid failures in 

other parts 

5 Transportatio

n system 

Transports 

leaflets to GUK 

Cylinders are 

jammed  

GUK 

doesn’t 

receive 

leaflets 

Unlubricated 

cylinders 

b) Lubricate the 

cylinders 

6 Pins Part of the GUK 

which keeps 

leaflets in place 

Doesn’t uplift 

when new 

stack of 

leaflets are 

placed in the 

GUK 

The stack 

of leaflets 

are still on 

the fork 

The mechanism 

is damaged 

b) daily maintenance  



  
 

 

 

70 

Hannes Borg, Kim Bergström 

4.6.7 Rating the severity of the potential impact 

The table demonstrates the different rates of severity. A greater danger to the 

operator, gives higher number of severity. These numbers are used in the 

FMECA, (appendix 4 FMECA) 

 

Table 4.6.6 rating system for severity 

Severity Description Description 

1 None Variation within 

performance limit 

2 Very minor Variation correctible 

during usage  

3 Minor Reparable within 10 

minutes 

4 Very low Reparable within 20 

minutes 

5 Low Reparable within 30 

minutes 

6 Moderate 

 

Reparable within 4 hours 

7 High Not worth repair, 

degraded functionality 

or capability 

8 Very high Not worth repair, 

mission failure 

9 Hazardous- with warning Affects safety of 

operator and others but 

with advance warning 

10 Hazardous- without warning Affects safety of 

operator and others but 

with no advance warning 
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4.6.8 Rating system for likelihood of occurrence 

Table 4.6.7 reflects how much superior or worse the MTTF is, in 

comparison to the occurrence. MTTF is the mean time to failure. The lower 

number of occurrence, the longer the machine will run without failure. The 

user’s required time is the period in which the user is presumed to use the 

system. This is measured in hours or days. These numbers are used in the 

FMECA (appendix 4 FMECA) 

 

Table 4.6.7 rating system for likelihood of occurrence 

Occurrence Description 

1 MTTF is 50 times greater than user’s required time 

2 MTTF is 20 times greater than user’s required time 

3 MTTF is 10 times greater than user’s required time 

4 MTTF is six times greater than user’s required time 

5 MTTF is four times greater than user’s required time 

6 MTTF is two times greater than user’s required time 

7 MTTF is equal to user’s required time 

8 MTTF is 60% of user’s required time 

9 MTTF is 30% of user’s required time 

10 MTTF is 10% of user’s required time 
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4.6.9 Rating system for likelihood of detecting the failure 

Table 4.6.8 demonstrates the ratings of discovering the failure. The lower 

number of detection, the easier it will be for the operator to locate the 

problem. These numbers are used in the FMECA (appendix 4 FMECA) 

 

Table 4.6.8 likelihood of discover the failure 

Detection Description 

1 Detect by self-test 

2 Easily by standard visual inspection or ATE 

3 Symptom can be detected. The technician would know 

exactly what the source of failure is  

4 Symptom can be detected at test bench. There are more than 

2-4 possible candidates for the technician to find out the 

sources of failure mode 

5 Symptom can be detected at test bench. There are 5-10 

possible candidates for the technician to find out the sources 

of failure mode 

6 Symptom can be detected at test bench. There are more than 

10 possible candidates for the technician to find out the 

sources of failure mode 

7 The symptom can be detected, and it required considerable 

engineering knowledge/resource to determine the source/ 

cause 

8 The symptom can be detected by the design control, but now 

way to determine the source/ cause of failure mode 

9 Very remote. Very remote chance the design control will 

detect a potential cause/ mechanism and subsequent failure 

mode. Theoretically the defect can be detected, but high 

chance would be ignored by the operators 

10 Absolute uncertainty. Design control will not and/ or cannot 

detect a potential cause/ mechanism and subsequent failure 

mode; or there is no design control 

4.6.10 FMECA 

FMECA stands for failure mode effect and criticality analysis. Several 

factors are to be considered in this method of rating different failures. The 

failure is given a rating of the severity of the problem, the likelihood of 

occurrence and the likelihood of discovering the problem. The ratings are 

then multiplied and the answer given is the risk priority number. The higher 

the score, the greater the risk. See appendix 4 FMECA. 
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4.7 Executing the design 

This section involves planning for the building process and what the design 

team manager should focus on. Since this project only requires a concept 

solution this step is deemed redundant and will not be done. 

4.8 Iterating the design process 

Iterate means to repeat. The design process should be redone in order to 

solve problems that may have occurred or improve the concept even further. 

However, this project has a time limit which is slim and this process would 

take far too long to redo, therefore this step will also not be done. 

4.9 Rough calculations on the telescope arm 

These calculations are found in appendix 5. The result indicates that the 

telescope arm will not be able to hold the weight of the fork and the leaflets. 

This was confirmed with a company (ESSKA) who makes such arms. 

Therefore, a wheel station will be included in the solution. This will carry all 

the radial loads.  

4.10 Choice of materials  

Adjustable cylinder stand. Different lengths on operators will result in an 

adjustable telescope cylinder stand. According to Norden Machinery ABs 

desire to have the solution in the same type of design as the rest of the 

NP1702, a selection of both Plexiglas and aluminum is recommended for the 

adjustable cylinder stand. The top of the adjustable cylinder stand containing 

PMMA which is a Plexiglas, while the legs of it accommodate aluminum 

with the designation EN AW-6082. 

 

Fork. The fork will be designed in an aluminum alloy named “EN AW-

6082” due to the request of having the solution in the same type of materials 

as the NP1702. The thickness of the fork is set to 3 mm. If the thickness is 

lesser, the risk of deformation may be increased. However, if it is thicker, it 

will be considered as heavy and unmanageable. 

 

Telescope cylinder. The telescope cylinder is made of different materials. 

The covers are made of anodized aluminum. The seals are partly made of 

polyurethane and anodized aluminum, which are rounded, chromium plated 

steel. The cushioning has an elastic stop. Finally, the barrels are made of 

anodized and profiled aluminum. Due to the complexity and cost of building 

this unit, it is recommended to buy a telescope cylinder similar to the one 

named CVR18144670. (TCJ Teknik) 
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Wheel station. The selected material for the wheel station is stainless steel, 

due to the different price classes. Stainless steel (EN 1.4301) is less costly 

than aluminum (EN AW-6082). Both of the materials are strong enough to 

manage the maximum loads which will appear to the wheel station.  

 

The following costs are approximated since no exact data for the sizes 

required could be found. 

 

For stainless steel, EN 1.4301, the cost is 72,00 SEK/kg 

(Stena stål 2014, 60) 

 

For aluminum, EN AW-6082, the price is 90 kr/kg 

(Stena stål 2014, 97) 

 

For Plexiglas, PMMA, the price is 219:-(/m^2) (Scandraft AB 2014) 

 

Economical aspect. The biggest fork is the most costly one, with a weight of 

1.3 [kg]. See appendix 5. The price per kg according to stenastal is set to 

max 90 [sek/kg].  

1.3 ∙ 90 = 117 [𝑠𝑒𝑘] 
This is the maximum price of the material. No detailed information about 

the leaflet stacks was received. Norden Machinery AB may choose to 

purchase material for the desired size of the different forks. The price will be 

reduced, when the size of the fork is decreasing. (Stena stål 2014, 97) 

 

In the groove, where the wheel will slide in, some materials will be 

subtracted. This is because there won’t be any material in the section. See 

figure 4.14. 

 

 
Figure 4.14 measures of the wheel station 

 

20 ∙ 50 ∙ 1200 − 2 ∙ 1 ∙ 1200 = 1197600 [𝑚𝑚3] 
 

Density for aluminum is 2.7 [
𝑘𝑔

𝑑𝑚3
] (Bonde-Wiiburg 2000) 
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1197600 [𝑚𝑚3] = 1.1976 [𝑑𝑚3] 
Calculations for the weight of the aluminum slides. 

1.1976 ∙ 2.7 = 3.234 [𝑘𝑔] 
 

There are two slides for the wheels to roll in, in the wheel station, this means 

that it have to be multiplied by two: 

3.234 ∙ 2 = 6.467 [𝑘𝑔] 
 

The material cost for aluminum is 72 [sek]. 

6.467 ∙ 72 = 465.627 [𝑠𝑒𝑘] 
 

Depending on if Norden Machinery AB will produce the solution, there will 

be an additional cost of materials. Norden Machinery AB will have to design 

the wheel slide with the four wheels on it and appreciate the materials for it. 

A maximum of 2 additional [kg] will be added for the calculations, which 

will be within the frames of desired material. 

72 ∙ 2 = 144 [𝑠𝑒𝑘] 
 

This gives a total cost of 465.627+144= 609.63[sek] 

 

 

There are various prices on the cylinder arm. The price on the selected is 

5275 [sek]. It has the ability to open out up to two meters.  

http://www.esska.se/esska_se_s/Tryckluftscylinder-ISO-6431-

dubbelverkande-justerbara-aendlager-216210000000-6480.html 
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5. Results and analysis 

 

Norden Machinery AB requested some concept solutions for making the 

ergonomics sounder for the operator, when reloading the GUK with leaflets. 

Through the interview with a representative from GSK in England, 

important information was received. See appendix 1. This was crucial for 

the continuation of the project. 

The concept will provide less harmful movement, which will decrease strain 

and loads to the operator in shoulders, arms and back.  

The current method is harmful to the operator, and the blue concept will let 

the operator escape the harmful movement he/she may experience when 

refilling the GUK with leaflets. When the operator position the stack of 

leaflets to the receptacle, his/her shoulder, arm and lower back stretches, 

which may create severe damage and later permanently harm the operator. 

It is not possible to test the KBHB14 because it is not yet constructed. 

Norden Machinery AB may or may not decide to complete the solution, and 

the results are only estimations and conclusions based on data, studies and 

experience.  

Different ratings and comparisons were performed to select the most 

beneficial solution. The table 4.4.6 “Scoring and ranking the alternatives” 

indicates the most suitable concept. As a standard solution, the blue concept 

is recommended. The solution includes a splendid answer for precision 

when the leaflets are to be placed in the GUK. The adjustable pin, which 

bows before the leaflets are placed in the GUK and then returns, keeps the 

stack of leaflets from returning with the fork. Figure 5.1 shows the fork, it is 

printed in a 3D printer. 

The following segment contains a detailed description of the working 

process for the KBHB14: 

 The operator takes a stack of leaflets (it is recommended, in the aspect of 

ergonomically soundness, to locate these stacks in a proper height. The 

operator shouldn’t have to stretch poorly when reaching for the leaflets). 

 He/she positions the stack of leaflets to the fork, and presses the proceed 

button to initiate the telescope arm. 

 The telescope arm, with the fork attached to it, approaches the GUK. The 

wheel station helps the transportation and carries all the loads. See 

pictures 5.2 and 5.3. 
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Figure 5.1 the fork 3D printed 

 

 



  
 

 

 

78 

Hannes Borg, Kim Bergström 

 
Figure 5.2 the fork approaches the GUK. The green part shows the stack of 

leaflets. 
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Figure 5.3 noise reducing lid is about to open. 

 

 When the stack of leaflets is getting close enough to the sensor, it 

transmits information to the air cylinder arm inside the GUK to initiate, 

to have the lid opened. 

 The noise reducing lid is opened and the pin bows down to the fork, see 

picture 5.4. 
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Figure 5.4 the pin has bowed down. The lid is currently open. 

 

 The telescope arm is further extended, to position the leaflets inside the 

receptacle, with the leaflets still placed on the fork. 

 The pin returns to its initial position to keep the leaflets in the receptacle. 

The groove in the forklift makes it possible for the arm to return to the 

start position, see picture 5.5. 

 

 

 
Figure 5.5 the pin has returned and keeps the stack of leaflet in place. The lid is 

currently opened. 
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 The telescope cylinder arm returns to the start position, while a sensor 

perceive that the leaflets are refilled. See figure 5.6. This makes the 

noise reducing lid go down to the start position. 

 

 
Figure 5.6 the stack of leaflets is positioned between the pins. 

 

The black part in figure 5.6, behind the barrier is a compressed air cylinder 

which opens and closes the lid. There are occasions where the size of the 

leaflets changing. Consequently, the forklifts come in different sizes, which 

can easily be switched by the operator to adjust to the desired size of 

leaflets. See figure 5.7. 

 

 
Figure 5.7 forklifts in three different sizes. 
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Figure 5.8 pictures of loading the GUK.  

 

Figure 5.8 the left picture indicates the movement before KBHB14 were 

used, and the right picture indicates the movement after. In the picture to the 

left the operator has to lean and stretch his body. He is currently using a 

binder to simulate a stack of leaflets. In the picture to the right the operator 

simply puts the leaflets on the fork. This removes the harmful body postures 

and movements. 

 

The selected materials in the concept are constructed in the same materials 

as the rest of the NP1702, such as Plexiglas, stainless steel and aluminium. 

All these materials are environment-friendly and easily recyclable.  
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6. Discussion and conclusions 

The wheel station was conceived late in the development process. As a 

result it is not overly analyzed and may be constructed in other ways. 

However, calculations for deflection has been made. The wheel station is 

over dimensioned and may be constructed thinner, to save material and 

reduce the cost. However, when making the assembly thick, the deflection 

will be small, which makes the concept safe.  

In an ethical aspect the chosen materials are sustainable in regard to the 

environment. Due to the materials (steel, aluminum and Plexiglas) it has 

prominent recycling abilities. 

 

The attachment between the fork and the telescope arm might be constructed 

in a different way. This report suggest bolts for this problem but a magnet 

would be more time saving, but might have been more unsafe according to 

the different weights of the stacks of leaflets. 

A ramp would be a simpler construction than a telescope arm. However, this 

concept lacks the demanded precision when loading the leaflets in to the 

receptacle.  

The machine has compressed air accessible and is why the telescope arm is 

used. The same function could be obtained by hydraulics, but that would 

demand additional parts and costs. However, if hydraulics were to be used it 

could give a smother movement in the telescope arm.  

The solution might have been improved further if more interviews, with 

users who works with the machine, had been made. It was difficult to get 

any contact with the companies which have bought a machine form Norden 

Machinery AB. A contact with GSK in England was made. However, 

additional information from other companies about possible injuries when 

working with the NP 1702 would have been desired. 

The demanding postures and movements are highly reduced. Bending and 

stretching to the operator’s body is strongly decreased when using the 

solution. The mistake risk is also reduced, due to the control the operator 

gains with the KBHB14. 

The operator escapes heavy burden to the shoulders, arms and back when 

the telescope arm perform this movement. He/she won’t receive any serious 

injuries in the back, which is a very common phenomenon.  

People around the world have different heights, which makes the current 

leaflet loading method perilous for the operators’ health, especially if the 

operator is short. The new solution will be beneficial to all operators, 

particularly for the shorter ones. 

 

The solution is ergonomically sound, because the operator will experience 

less tension in his/her body. Instead of reaching for the receptacle, the 

operator positions the leaflets directly on the fork, without any bending or 

stretching. 

It is difficult to realize if the solution actually will work in reality, when it 

has not yet been built and no operator has tested it. 
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Compressed air is the best energy source to move the arm. The availability 

of the existing products on the current market is a suitable choice for the 

solution. 

To get the desired precision when loading the leaflets in the receptacle, the 

fork concept was considered to be the best one. The adjustable pin, which 

bows and rises, will keep the leaflets in place. Other solutions to the problem 

of keeping the leaflets in the receptacle were deemed inappropriate in regard 

to the precision needed. 

The selected method of Getting design right (Jackson 2010) are considered 

to be reliable. It is a well-known method of developing products in the 

engineering industry. The method includes all aspects of the development 

work. Therefore, no parts are excluded. However, it is time consuming and 

other methods in the same area might have been just as profitable to use. 
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Appendix 1 Interview with Mr. John Dowson 

Mr. John Dowson is a production technician at one of GSKs (Glaxo Smith 

Kline) factories in England. The report writers sent him a questionnaire 

before so he could talk to the operators and provide the answers over the 

phone. GSK have purchased three machines from Norden Machinery AB, all 

use the pre-folded leaflets. 

 

 When you start working, what is the first thing you do? Can you describe, in 

detail if possible, all the moments when working with the machine, of your 

workday? 

They load the leaflets and the cartons into the machine. We only use pre-

folded leaflets here at GSK (Glaxo Smith Kline). That’s a relatively 

straightforward task to do. There is really not any bending or stretching 

other than when initially loading the leaflets in to the GUK unit. However 

that is not too much of a problem. The problem could be when a leaflet is 

transported further in the machine, they occasionally get jammed. It can be 

awkward to remove the jammed leaflets because the leaflet and carton 

hoppers are not very accessible. There is a gap where it is possible to clear 

the jams but as I said, it is not very accessible. 

 

 Do you have other stations you work with? If so, what is your task there? 

The operators run the line in entirety so they got end of line equipment to 

look after as well. We have label and carton printing unit and other packing 

related stations as well. So there are a lot of units the operator controls. The 

operator loads leaflets, cartons, cases, labels etc. 

 

 Have you ever had any pain, due to working with this machine, in one or 

more of the following body parts? Neck, shoulders, upper back, lower back, 

elbow, wrists, hands, hip, legs, feet or other? If there is any pain, when does 

it start? 

Potentially one could suffer from pain in the back. However, none of our 

operators have had any such problems. There is a risk of banging your head 

when clearing the jams but this is due to lack of space rather than repetitive 

work or bad work posture. 

 

 If you have experienced any pain, how often did/does this happen? Is it 

permanent or can it be treated? 

 

There is a potential for experiencing pain since the operation is done on a 

daily basis, but we have had no reports that indicate that any of our 

employees has a work related pain problem. 
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 Do you know if any of your co-workers have had any problems with pain? 

What was their problem? 

About the same answer as the previous question. 

 

 When refilling paper (leaflets) in to the machine, how many times a day (or 

hour) do you do that? Can you estimate the weight of one stack of paper? 

How many times during a shift? 

As I said before, we only use pre-folded leaflets here and they come in 10 kg 

boxes, which has about 13 trays in a box. One tray is approximately loaded 

per minute. But it is not only loading the leaflets, the operator also loads the 

cartons and checks the other stations as well.  

 

 Do you have a stool or a platform to stand on, to easier reach and refill the 

paper? 

We have on our machine a platform that raises the height about 10 cm. It is 

placed so that the operator easier can load the cartons and leaflets. The 

platform ends in the area used to clear jams so that area is on normal floor 

level. 

 

 Is the level of light satisfying? Would you like to increase or decrease it? 

We’ve got fairly good light level so I don’t think that will present too much 

of a problem. 

 

 Is the noise to loud? What can be done to decrease it? 

We’re in a packing environment and the machine itself is not particular 

noisy but there are other machines that contribute to the noise as a whole. It 

is in a safe level it does not require us to wear hearing protection or anything 

so in that respect it won’t present too many problems.  

 

 How can the work station be improved? Do you have any suggestions?  

As far as improving the machine goes, and I have talked this over with the 

operators as well, there is not much to do unless one redesign the function of 

how the machine works. This with respect to how both the carton hopper 

and leaflet feed position is directly above each other.   
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Appendix 2 the house of quality 
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                Repair part cost   

    - +     +     Alarm   
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Relationships   

  9 Strong correlation   

  3 Medium correlation   

  1 Low correlation   

  +/- Positive / Negative correlation   

   Increase   

   Decrease   

Customer focused objectives 

Relative 

Importance 

Customer Perception 

1       2       3       4       5 
  

  
Direction of Change               

 

   

Harm 
System don't harm the operator 

physically 
5,00 9   3 9 3   1 3           

  

  

Transport 
System can transport more than 

one stack of leaflets 
5,00 9 3 9   9     3 3   3     

  

Precision 
System with high precision in 

regard to transportability 
4,00   9 3   9 3 9   3 3 1     

  

Safe System is safe in usage 4,00 9 1   9                   
  

Harm 
System don't harm the operator 

mentally  
3,00 9           1             

  

Easy System is easy to use 4,00   3 1       3 9           
  

Control 
System is easily controlled by 

the operator 
3,00   9 3   1   3 3           

  

Cheap System is as cheap as possible 2,00 1 3 3 1 3 9 3   9 9 1     
  

Repair System that is repairable  1,00   1     1 3     3   1     
  

Maintain System is easy to maintain 1,00   1                 1     
  

  Property weight   155 102 91 83 106 33 71 75 48 30 23     
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M
e
a
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Measurement Units     m^2     SEK   min. SEK min. /min          

Norden NP 1702 - - 0.3 - - - - 2 - - 200         

IWK SC 5/SI 5 - - 0.3 - - - - 2 - - 200         

                                

Technical Difficulty (1- Low, 5 - High) 3 3 3 2 4 2 4 2 2 3 4           

Estimated Cost (1- Low, 5 - High) 3 4 3 2 4 3 4 2 3 4 2           
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B 

A 
B 

A 
B 

A 
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A B 
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B A 
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Appendix 3 developing the test plan  

KBHB14 is on 

The whole system 

External entities Subsystem  

Operator Machine Initial handling Transportation Delivery system GUK Alarm system Sensor System state Timing Expected result Actual 

result 
Operator places stack of 

leaflets on the forklift 

       System is off 20 sec Observe that the leaflets 

are in proper place 

 

Operator starts the 

KBHB14 

Starts  Starts Gets ready Starts Gets ready Gets ready System is on 5 sec Observe that KBHB14 

starts 

 

   Transfers the leaflets to 

the GUK 

    System is on 10 sec Observe that the GUK 

is filled with leaflets 

 

     Accepts the leaflets   System is on  Leaflets is placed in the 

GUK 

 

       Sensor detects that 

leaflets are stuck 

System stops 0.1 sec Sensor transfers the 

information to the alarm 

 

       Information transfer System is stopped    

      If leaflets are stuck in 

the GUK, the alarm 

will go off 

 System is stopped 0.1 sec The KBHB is not 

running 

 

Operator examines the 

KBHB14 and adjusts the 

problem 

       System is stopped 1 min Observe that the 

KBHB14 is fixable 

 

Operator restarts the 

KBHB14 

       System starts 1 min Observe that the 

KBHB14 is rerunning 

 

       Sensor detects that 

the GUK is running 

low on leaflets 

System is on 0.1 sec Sensor transfers the 

information to the alarm 

 

       Information transfer System is on    

      Alarm system goes 

off and informs the 

operator that leaflets 

is running low 

 System is on 0.1 sec Observe that leaflets are 

running low 

 

Operator places a new 

stack of leaflets on the 

forklift 

  Transfers the leaflets to 

the GUK 

        

    The size on the leaflets 

has to be switched 

   System is on 2 min Observe that the GUK 

is filled with leaflets 

 

Operator adjust the 

KBHB14 to the desired 

size 

       System is stopped 30 min Observe that the new 

size fits 

 

Operator restarts the 

KBHB14 

       System starts 1 min Observe that the 

KBHB14 is rerunning 
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Appendix 4 FMECA 
 

Customer 
Norden Machinery AB 

Issued by 
Kim Bergström, Hannes Borg 

Detail name 

KBHB14 
Detail nr.1 

 

 Design- 

FMECA 

Project leader 
Kim Bergström, Hannes 

Borg 

Date 

2014-05-12 
Follow up date Remarks  Process- 

FMECA 

Part nr Component Function Possible failure Failure effect Failure reason Probability of 

occurrence of 

failure 

Severity 

of 

failure 

Likelihood of 

detecting the 

failure 

Risk priority 

number RPN 

1 GUK Folds and transports 

the leaflets to the 

cartooning part 

Leaflets gets stuck 

in the GUK 

Alarm goes off The stack of leaflets 

are overturned 5 2 2 20 

2 Sensors Locates 

complications in the 

system 

Fail to detect when 

leaflets is running 

low 

System may run out of 

leaflets 

Lens may be covered 

by dirt, cables may be 

loose 

4 3 3 36 

  Miss out to detect 

when a new stack of 

leaflets is transported 

to the GUK  

System assume that 

leaflets are getting 

low 

Lens may be covered by 

dirt, cables may be 

loose 

Lens may be covered 

by dirt, cables may be 

loose 
5 2 2 20 

3 Alarm system Informs the operator 

when a problem is 

occurring 

Signal lamp is out of 

order 

Operator doesn’t notice 

a problem 

The signal lamp is 

old, the lamp got 

smashed during a 

process, poor 

maintenance 

5 4 3 60 

4 Forklift Keep leaflets in place 

during transportation 

Gets stuck Leaflets cannot be 

delivered to the GUK 

Operator forgot to 

switch the size of the 

forklift 

3 5 2 30 

   Overturn a stack of 

leaflets 

Leaflets are dispersed to 

improper positions  

Instant stop 
6 2 3 36 

5 Transportation 

system 

Transports leaflets to 

GUK 

Cylinders are 

jammed  

GUK doesn’t receive 

leaflets 

Unlubricated 

cylinders 
2 6 3 36 

6 Pins Part of the GUK 

which keeps leaflets 

in place 

Doesn’t uplift when 

new stack of leaflets 

are placed in the 

GUK 

The stack of leaflets are 

still on the forklift 

The mechanism is 

damaged 
4 6 3 72 
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Appendix 5 Rough calculations on the telescope arm 

Table app.5.1 symbols used in the calculations. 

Symbol Explanation [Unit] Other 

Fmax Maximum Force [N] To be calculated 

g Gravitation 9.81 Given 

M Moment [Nm] To be calculated 

𝛿 Deflection [mm] To be calculated 

L Length [m] Assumed 

E Modulus of elasticity [MPa] Given 

I Moment of Inertia {kg*m4] Given 

 

 

Fork weight: the fork is constructed with three different parts. The fork also has different 

sizes, because of the different leaflet sizes, but the largest will be the one in the 

calculations. 

 
Figure app.5.1 the fork feature with numbering to easier follow the calculations 
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Figure app.5.2 the measurements of the fork parts. 

 

The volume of each part: 

1: 297 ∙ 210 ∙ 3 = 187 110 [𝑚𝑚3] 

2: 297 ∙ 200 ∙ 3 = 178 200 [𝑚𝑚3] 
3: 210 ∙ 180 ∙ 3 = 113400 [𝑚𝑚3] 

The total volume of the fork: 

1 + 2 + 3 = 478710 [𝑚𝑚3] 
478710 [𝑚𝑚3] = 478.71 [𝑐𝑚3] 

 

Density for aluminum 2.7 [
𝑔

𝑐𝑚3
] (Bonde-Wiiburg 2000) 

Density for stainless steel 7.9 [
𝑔

𝑐𝑚3] (Teknikhandboken) 

 

Weight for aluminum: 478.71 ∙ 2.7 =  1292.517 [𝑔] 
Weight for stainless steel: 478.17 ∙ 7.9 = 3781.809 [𝑔] 
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The weight on the fork will be 1.3 [kg] if aluminum is selected, while it will be 3.8 [kg] if 

stainless steel is selected. The proper decision is consequently to choose aluminum 

because the loads will be less. A loss of material will emerge considering the groove for 

the pin. This will not be included in these calculations because of the minimal material 

losses. The maximum weight of the leaflets is set to be equal to a stack of A4 papers for 

printers. Hence the weight of the leaflets is set to be 2.5 kg. 

 

Moment 

 
Figure app.5.3 the length and maximum force on the telescope arm 

 

Fmax= 𝑔 ∙ (maximum load from leaflets + weight for aluminium fork) 

Fmax=9.81 ∙ (2.5 + 1.3) = 37.278 [𝑁] 
𝑀 = 37.278 ∗ 1.2 = 44.734 [𝑁𝑚] 

 

Fmax is 37.278 N and the moment for the cylinder arm loaded with leaflets and the fork 

attached to it, is 44.734 Nm. The report writers checked with a manufacturer of a 

telescope cylinder arm if the arm could withstand the loads when it is at its maximum 

length. The company (ESSKA) declared that the arm could not hold any radial loads. 

Thus, a wheel station was produced to take care of the radial loads and help with the 

transportation of the leaflets.  

 

The wheel station will manage the forces created by the weight of the fork and the 

cylinder arm. The green arrows indicate how the table and the GUK take these loads. 

 

 
Figure app.5.4 sketch of the wheel station and the loads 
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The maximum deflection due to Fmax will develop in the middle of the wheel station 

 
Figure app.5.5 maximum force 

 

 

The wheel station will be treated as a beam, when calculating the deflection caused to it. 

 
Figure app.5.6 the deflection in the wheel station 

 

Maximum deflection: 𝛿 =
𝑃𝐿3

48𝐸𝐼
 (Khoshaba 2011, 64) 

 

Where: 

P=Fmax= 37.278 [N]. There are two wheel stations so the force will be divided by 2.  

 

𝐹𝑚𝑎𝑥 2⁄ = 37.278 2⁄ = 18.639 [𝑁] 
L= 1.2 [m] 

 

E= 72 [GPa] modulus of elasticity. (Khoshaba 2011, 61) 

I= 𝑏 ∙
ℎ3

12
 moment of inertia. (Khoshaba 2011, 60). 

When calculating moment of inertia, an area has to be abduced. The Grey section in 

figure 4.9.7 is where the wheel will be rolling and will therefore be subtracted. 
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Figure app.5.7 sketch of the wheel station with some measurements 

 

I=(5 ∙
23

12
) − (2 ∙

13

12
) = 3.1666667[𝑘𝑔 ∙ 𝑚4] (Khoshaba 2011, 60). 

 

This delivers a maximum deflection of: 

𝛿 =
18.639 ∙ (12003)

48 · (72 · 103) · 31666.66667
= 0.2943 [𝑚𝑚] 

 

The maximum deflection will be much less than 1 [mm] which is a sufficient number, the 

operator won’t even notice the wheel station deflect. 
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Appendix 6 user analysis.  

  Product: KBHB14 

1. Category:  

- The operator on the machine 

 

2. Handling: 

- The stack of leaflets is placed by the operator’s hand. He/she takes a stack of leaflets 

from a bench in proper height (according to the operators’ length) and places it on the 

fork. 

 

3. Positive knowledge/ experience: 

- The operator has previous knowledge of similar machines. This makes it easier to get 

in to a routine and understand the working process, while working with the machine. 

The use of compressed air is positive for the operator. It provides a more automatic 

machine.  

 

4. Negative knowledge/ experience: 

- A few new functions might confuse the operator in the initial stage while working 

with the machine. These functions makes the whole machine more automatic, which 

may be new to the operator. Previous labour with the machine showed a risk of 

injuries, which is a bad experience for the operator.  

 

5. Concepts that are new for the user: 

- KBHB14 - the name of the machine. Fork, which transports the leaflets to the GUK. 

Cylinder arm, since the operator may never have encountered a cylinder arm before. 

The function of the adjustable pin may be confusing in the initial stage, before the 

operator has acquired a routine in the working procedure.  

 

6. Descriptions/ words that the user use today for the above concepts: 

- Cylinder arm 

 

7. Functions that can be affected by earlier experiences: 

- The GUK-loading part. This procedure is completely changed, from being manual to 

being automatic. If the leaflets are stuck in the new parts of the concept, they may 

easily be removed, since the operator has made these types of adjustments before, in 

other parts of the machine. 
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Appendix 7 situation analysis 

Product: KBHB14 Situation: regular operation process. 

 

Situation analysis  

1. Should the product be used separately or together with other products? 

- Together with NP1702 and the GUK. There is no idea of using it without these, 

because it is a part of a whole process. 

If together, will this include special demands/interface on the product? 

- It will have to interact with the pin on the GUK, in order to place the leaflets in the 

right position on it. The sensor and alarm system must be able to send information to 

the operator, in order to have it work properly. If the operator doesn’t receive this 

important information, the leaflets might run out or get stuck in the machine.  

 

2. How is the function satisfied without our product? 

- The function will be the same, except for the procedure where the operator have to 

stretch his/her arm/arms to place the leaflets in the right place. The report is about 

improving the ergonomically soundness, so without the solution, the whole problem 

will be ignored. 

 

3. How does the situation influence the product? 

- In co-operation with the GUK.  

 

All the demands are rated on a scale from 1-5 

Claims for precision: the leaflets have to be placed right in the GUK. 3.5/5 

Claims for speed: the leaflets have to be transported to the GUK before it runs out 

of leaflets. 4/5 

Possibility to think before the next action: according to the different sizes of the 

leaflets, every situation differs. Speeds and stack sizes may vary. 

 

4. The working place 

- Inside. The machine is never used outside, since it’s a industrial machine. If it were 

used outside, the leaflets might get wet or dirty. There is a demand, to keep the 

leaflets clean, since they are placed in products such as toothpaste packages etc. 

Frequency (how often, for example times a month, how far between) 

- 8 hours/day. A regular working period is 8 hours. 

Time: available time: 24 hours/day time length: 8 hours/day 

Mental strain: stress. Depending on the speed of the leaflets, there might be more or 

less stress for the operator.  

Consequences of error: if interrupted, the machine will stop until the sensors notice 

that the problem is adjusted. 

Consequences of insufficient time: if the GUK runs out of leaflets, before the 

operator has refilled it, it stops.  
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Physical environment:  
Light: normal brightness.  

Humid: the environment is dry 

Sound: the sound level is loud but within regulations.  

Other disturbances: Not known 

Other factors: Not known



 
 

 

 

 

 


